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TWO SCOTTISH ASTRONOMERS OF TODAY. 


HECTOR MACPHERSON, JR 





FOR POPULAR ASTRONOMY. 


In PopuLar AsTRoNomY for April 1906 a sketch was given 
of distinguished Scottish astronomers from the earliest times. 
Among these were included two living astronomers, Sir David 
Gill and Mr. William Peck. Supplementary to these may be 
mentioned Dr. Thomas Anderson and Dr. A. W. Roberts. 

Dr. Anderson and Dr. Roberts may be conveniently classed 
together, as they have many points in common. Both occupy 
a foremost place among the observers of variable stars. In- 
deed they must be included among the four or five greatest 
observers and investigators of variable stars at the present 
day. Neither of them holds an official position in astronomy; 
both are hard working amateurs who have enriched the science 
by their investigations and observations. The work of the 
one has been supplementary to that of the other; for while 
Dr. Anderson has his home at Haddington in Scotland, and 
studies the northern stars, Dr. Roberts has for many years 
been an exile Scot in South Africa and has therefore made his 
name as an observer of the southern skies. 

Dr. Anderson is a native of Edinburgh, the capital of Scot- 
land, where he was born on February 6, 1853. From his 
sarliest years he was devoted to astronomy and his first ex- 
perience in observing was when he beheld Donati’s Comet in 
1858. When twelve or thirteen years of age he studied the 
works of the late Rev. James Gill, a Scottish amateur astron- 
omer, by which he learned to identify the constellations and 
even to insert the stars which Mr. Gill had omitted. After 
he succeeded in identifying the constellations, he mastered 
Ferguson’s Astronomy and every book and article on astron- 
omy on which he could lay his hands. In 1869 he entered the 
University of Edinburgh, where he took his degree in 1874. 
His intention was to become a clergyman but after he had 
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completed his studies he was obliged to abandon his proposed 
pastoral work owing to a partial failure of eyesight. How- 
ever, he continued his studies in astronomy and in classics, 
and in 1880 the University of Edinburgh conferred on him the 
degree of Doctor ot Science for his classical studies. Dr. Ander- 
son too, continued his astronomical studies, scanning the 
heavens nightly, little expecting the important astronomical 
discovery he was destined to make. 

On the morning of February 1, 1892, Professor Copeland at 
the Royal Observatory received the following anonymous 
post-card—‘“‘Nova in Auriga. In Milky Way, about two de- 
grees south of Chi Aurigz preceding 26 Aurige. Fifth magni- 
tude slightly brighter than Chi’’. In the evening Copeland and 
his assistants turned the telescope of the Scottish National 
Observatory on the indicated region, and there in the place 
mentioned in the post-card was the new star. The discovery 
aroused deep interest in the scientific world. It afterwards 
transpired from an examination of Professor Pickering’s pho- 
tographs taken at Harvard, Massachusetts, that the star had 
been shining in the heavens since early in December 1891. It 
had attained its maximum on December 20, and was of the 
fifth magnitude when Dr. Anderson detected it. At the time 
Dr. Anderson discovered the Nova, all the means at his dis- 
posal were Klein’s star-atlas, and a 1-inch pocket telescope, 
magnifying ten times; and yet with these modest instruments 
he discovered a star which escaped the attention of all the 
astronomers of the world. In the words of Mr. Maunder, 
ot Greenwich,—“But for his zeal in studying the heavens it 
would without doubt have escaped notice altogether and 
the spectroscopic revelations which it yielded would have 
been wholly lost.” 

This was Dr. Anderson’s first discovery, but it was not 
the last. The idea occurred to him that new stars might not 
be such rare objects as were generally supposed, and he 
resolved to commence a systematic search for them. He 
procured a good binocular, and a 2\%4-inch telescope, after- 
wards superseded by a 3-inch refractor. He extended his 
search to all the stars contained in the Bonn Charts, and 
in these he was obliged to fill up the blanks, by means of 
charts containing 70,000 stars which he himselt constructed. 
In his own words—‘‘Thus armed I began to hunt for new 
stars. I worked with might and main, never going to rest 
as long as the sky remained clear’. The hunt for new stars 
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however, was not so successful as he expected and accord- 
ingly he extended the search to variable stars. In _ this 
branch of research he has been most successful. He was 
rewarded in 1893 by two discoveries of variables, T Androm- 
edae, with a period of 281 days, and V Cassiopeiae, with a 
period of 231-5 days which was discovered by means of a 
binocular when near a maximum, Dr. Anderson has proved 
himself one of the most successful students of variable star 
astronomy. He has discovered totally forty-nine variable stars, 
from 1893 down to 1906. Dr. A. W. Roberts remarks—‘‘No 
town can claim to its credit so great a number of variable 
stars as the old gray capital of Scotland.’’ And if Dr. Ander- 
son continues his discoveries, at the present rate, the capital 
of Scotland will be run a close race in variable star astronomy 
by the country town of East Lothian, for Dr. Anderson left 
Edinburgh, and settled at Northrig, Haddington, in the spring 
of 1904. 

On the morning of February 22, 1901, at 2:40 a. m., Dr. 
Anderson when “casting a casual ylance round the sky’’ dis- 
covered the great new star in Perseus. At the time of this 
discovery, the star was of 2.7 magnitude, and _ still increasing 
in brilliance. On the night of February 23 it was brighter 
than Capella, and the brightest star in the northern hemis- 
phere. The star was discovered by several observers besides 
Dr. Anderson; notably by M. Borisiak, at Kiev, in Russia, 
and by Mr. Gove, in Dublin. Dr. Anderson’s discovery, how- 
ever, attracted universal attention, as it was the second tem- 
porary star which he had detected. He received the Gunning 
Prize of the Royal Society of Edinburgh, and the medal of the 
Société Astronomique de France in 1901, and in the following 
year the Council of the Royal Astronomical Society of London 
conferred on Dr, Anderson the Jackson-Gwilt Medal. The Pres- 
ident of the Society in the following words summed up the 
importance of Dr. Anderson’s services to astronomy—‘Nova 
Aurigae was discovered by you on February lst, 1893, when 
of the fourth magnitude, and but for your discovery it might 
have escaped observation. Nova Persei was discovered on 
February 22nd of last year (1901), when of 2.7 magnitude 
and low down in the sky. This early discovery of yours made 
it possible for Pickering to obtain its spectrum before its 
maximum was reached. It is no small matter to have dis- 
covered one of these Nove, but it is a very tour de force, 
such. as a priori would have seemed impossible, to have dis- 
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covered both, and I am delighted that we have the oppor- 
tunity to congratulate you on your success and to do honor 
to your astronomical zeal and intimate knowledge of the sky.” 

This exactly states what Dr. Anderson has done for astrono- 
my, only something might have been said of his work as a 
discoverer of variable stars which has made Scotland famous 
for investigation of this kind. 

In this sphere his only Scottish rival is Dr. Roberts. Alex- 
ander William Roberts was born on December 4, 1858 at Farr, 
in Sutherlandshire. On his mother’s side he is of an old crofter 
family, descended from Adam Gordon, third son of an Earl of 
Huntley who died in 1528. In 1864 the family left the High- 
lands and moved to Leith, the port adjoining Edinburgh, and 
there the future astronomer received his education. In 1896 
he entered Moray House Training College, Edinburgh, where 
he remained for two years; and at the end of that time he 
applied to Professor Piazzi Smyth for an assistantship in the 
Royal Observatory, Edinburgh. The Astronomer Royal how- 
ever, advised him not to enter a public observatory, and in 
1878 Dr. Roberts went to Wick, in Couthness, as a teacher. 
After studying at Edinburgh University, he was in 1883 ap- 
pointed to the mission staff of the College of the Scottish 
Church at Lovedale, in Cape Colony, which position he still 
retains. No sooner had he settled in South Africa than he 
determined to study astronomy in the southern hemisphere. 
During the early years of his residence there, he went over the 
mathematical side of the science, and it was not until 1891 
that he commenced the series of observations by which his 
name has now become famous. In that year he commenced 
the systematic study of southern variable stars, his sole in- 
strumental equipment being an old theodolite and an opera- 
glass. By 1894 he had surveyed the southern skies south of 
thirty degrees south declination, and he was rewarded by the 
discovery of no less than twenty variable stars, of which four 
are of the Algol type. Dr. Roberts, however, relinquished his 
search for new variables. He concluded that it was more 
profitable to study minutely known variables than to continue 
the search; and the result of his subsequent investigation has 
fully justified his opinion on this point. 

Since 1900, in which year he acquired a new equatorial re- 
fractor, Dr. Roberts has devoted his attention chiefly to the 
remarkable class of objects known as Algol variables. or 
eclipsing stars. These stars are not inherently variable. In 
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reality they are close binaries, the stars and their satellites 
being in revolution round their respective centers of gravity; 
and the one star obscures the other merely because the plane 
of the orbit happens to lie in our line of sight. In the words 
of Sir David Gill—**Two stars revolve round about each other 
nearly ina plane directed towards the Sun, and consequently 
one star in the course of its revolution obliterates the other. 
When the stars are not in the same line with the Sun we see 
as a single star their combined light, when in a line we see 
the light of only one plus such part of the light of the second 
as is not obscured by the first’. 

By a careful study of the light curves of these variable stars, 
Dr. Roberts has actually succeeded in determining in some 
cases the density of the stars, their figure and the elements of 
the systems. As the outcome of a number of investigations he 
finds on the average, that the mean density of the Algol vari- 
ables is only one-ninth that of the Sun. But perhaps the 
most remarkable of Dr. Robert's researches have been those 
which have disclosed the absolute elements of the binary sys- 
tem. His investigations of the southern variable designated 
as RR Centauri have been absolutely unique. He discovered 
the variability of this star in 1896 and since its discovery 
he has collected an extensive series of determinations of its 
magnitude. As the result of these investigations he finds 
that the variations of RR Centauri result from the revolu- 
tion of ellipsoids in actual contact; that is to say it cannot 
be said for certain whether the variations are due to two 
stars revolving or one star rotating. As the late Miss Clerke 
expresses it in her “Modern Cosmogonies’’—the stars ‘‘are 
of just one-third the solar density and the forms satisfying 
photometric requirements by the varying areas of luminous 
surface presented to sight in different sections of their path 
show a surprising agreement with the bi-prolate figure given 
by Professor Darwin’s analysis as the shape of a body on 
the verge of disruption through accelerated rotatory move- 
ment”, In the case of V Puppis, another southern variable, 
Dr. Roberts remarks that the two stars revolve round each 
other in actual contact. A moment’s consideration will show 
the marvellous accuracy of Dr. Roberts’ researches. By a 
study of the light changes of these variables, Dr. Roberts 
has been enabled to point to at least two stars in the heav- 
ens on the verge of disruption, thus confirming in a striking 
manner Sir George Darwin’s theory of tidal friction as a 
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factor in stellar evolution. 

Mention must be made also of his method of determining 
the absolute dimensions of an Algol variable star. In Janu- 
ary 1906 he published a paper on this subject, in which as 
the result of observations on two variables U Pegasi and 
RR Centauri, he finds that the distance of the component 
stars which go to form the system of U Pegasi is 63,200,000 
miles, and the distance in the system of RR Centauri, 3,880,000 
miles—and this without knowing the distance of the stars. 
It will easily he seen that but for the accuracy and care 
with which Dr. Roberts has discussed his observations, he 
would have been unable to obtain these data. As Dr. Roberts 
remarks:—“The theory that underlies this important deter- 
mination is the simple one that light takes an appreciable 
interval of time to traverse the orbit of a binary star. A 
moment’s reflection will make it evident that this circum- 
stance must make itself manifest as an acceleration in the 
apparent occurrence of both the primary and_ secondary 
maximum phases. The time of passing the primary and 
secondary maxima will however, remain unchanged; that is, 
the approach and recession of the component stars relative 
to the Earth as they revolve round one another will be 
translated, owing to the measurable velocity of light, into 
a corresponding hastening and retarding of the successive 
phenomena of eclipse.’’ So great precision is necessary that 
the problem of determining the absolute dimensions of a 
variable star system, is as Dr. Roberts points out, beset with 
difficulties; and it is to his lasting credit that he has accom- 
plished so much in this direction by mere visual observations. 

Dr. Roberts’ other researches include his determination of 
the oblateness ot close binary stars; and his discovery of 
personal error in the observation of variables. Besides this 
he has determined the magnitudes of all stars brighter than 
the 9.2 magnitude which are situated south of thirty degrees 
south declination. Altogether he has made about 250,000 
estimates of stellar brilliance, and has kept a close watch 
on 120 variables, and this in spite of the fact that he 
studies astronomy in his leisure only. No better tribute to 
the work of Dr. Roberts exists than the words of Sir David 
Gill—“I know few instances of more successful devotion of 
small means and limited opportunity to the attainment of 
great scientific ends than the work of Dr. Roberts.’’ It seems 
to be a characteristic of our Scottish astronomers that, in 
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spite of many obstacles, they have triumphed over all diffi- 
culties and have made good their claim to a high place in 
the world of science. Both Dr. Anderson and Dr. Roberts 
have maintained the best traditions of Scottish astronomy 
by their enthusiastic devotion to the science and by their 
unwearied study of the starry skies. 
Johnsburn, Balerno, 
Midlothian, Scotland. 





THE TRIAD OF STARS. 





E. WALTER MAUNDER, F.R.A.S. 


Superintendent of the Solar Department in the Royal Observatory, Greenwich, England 





Three astronomical symbols are found on a great number 
of the sculptures discovered in Assyria and Babylonia. They 
are represented in connection with the worship of the gods; 
they are carved over the heads of the figures of the kings; 
and they occupy the crown of the little sculptured pillars 
which record the transfer of landed property. A visit ‘to 
the Babylonian Room, and the Assyrian Galleries of the 
British Museum, will bring quite a number of examples ‘under 
the notice of the student; and some ot these are reproduced 
in the illustrations to the Official Guide to the Babylonian 
and Assyrian Antiquities. Thus plate xxii, gives a repro- 
duction of a ‘tablet ‘sculptured with a scene representing 
worship of the Sun-god in the Temple of Sippar, and in. 
scribed with a record of the restoration of the temple by 
Nabu-pal-idinna, king of Babylonia, about B.c. 870. In the 
upper part of the tablet the Sun-god is seen, seated within a 
shrine upon a throne, the sides of which are sculptured with 
figures of mythical beings in relief’. 

Above the head of the Sun-god, and under the roof of the 
shrine, are the three astronomical symbols referred to—the 
Triad of Stars,— and an inscription gives the commentary, as 
rendered by Colonel Conder: 

‘The Moon-god, the Sun-god, the IStar, dwellers in the abyss, 

announce to the years what they are to expect.’ 

The same three symbols appear in the guide on plate xi., which 
is a representation of a ‘fine limestone landmark or boundary- 
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stone, inscribed with a valuable text recording the restoration 
and confirmation of certain rights and privileges to Ritti-Mar- 
duk, the Warden of Bit-Karziyabku, a district which was appar- 
ently situated on the confines of Elam, by Nebuchadnezzar 
I., king of Babylon, about B.c. 1120.’ 

The first of these three symbols is often found by itself. 
Thus the Official Guide, plate xxtii, No. 1., gives a repro- 
duction of a ‘Cylinder seal inscribed with the name of 
Khashkhamer, viceroy of the city of Ishkun-Sin, and an 
address to the Ur-Gur, king of Ur, about B.c. 2500. The 
scene represents Ur-Gur being led into the presence of Sin, 
the Moon-god.’ 





Above the Moon-god, who is seated on a throne, is a 
crescent Moon on its back, like a cup or boat. The signifi- 
cance of this symbol being adopted in connection with the 
Moon-god is very clear. The Moon-god was specially associ- 
ated with the beginning of the month, with the reappearance 
of the Moon in the sky, after the three or four days of its dis- 
appearance during conjunction with the Sun. But it was not 
the young Moon of any month that was thus distinguished. 
There is one month in the year when the crescent takes this 
boat-like position most tully, floating on an even kecl above 
the western horizon; this is the crescent nearest to the spring 
equinox. The symbol, therefore, sets forth a special hour of 
a special day of a special month. It is the hour after sun- 
set, of the first evening when the young Moon is yisible, in 
spring-time, For those nations who reckoned their months 
from the observed reappearance of the Moon, and who there- 
fore began their day.at sunset it marked out at one and 
the same time the beginning of the day, and of the month, 
and of the year. It was the natural, indeed the inevitable, 
sign of the first month of the year—the year beginning with 
spring-time. Had the Babylonians begun their year with the 
young Moon of autumn, their symbol for the 
would have been the crescent with its horns, the 
tically above the 


Moon-god 
one ver- 
other, as on the Turkish flag at the present 
day. But the symbol of the Babylonian Moon-god is never 
found in any other position than with the line of its horns 
horizontal. 

Just as the first member of the Triad of Stars set forth 
the presiding deity of the first month of the year, so the 
other two members—the two stars—set torth the presid- 
ing deities of the second month of the year; for the 
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second month was held to be under the patronage of a pair 
of deities, ‘the Heavenly Twins.’ And, as the symbol for 
the first month expressed an easily observed astronomical 
fact, so did the symbols for the second month. For about 
2000 B.c. the young Moon of the second month of the year 
set together with the bright twin stars, Castor and Pollux, 
as we name them today. 

At the time when the second month of the year was 
marked by the setting together of the young Moon and the 
twin stars, the first month was marked by the setting ot 
the young Moon, and Capella, and an inscription, translated 
by Professor Sayce and Mr. Bosanquet in the Wonthly No- 
tices’ of the Roval Astronomical Society, vol. 


XXXix. p. 455, 
shows not only that the beginning of the 


vear was fixed 


in this manner, but that a certain curious relation had also 
been recognized and turned to use. Their translation runs 


as follows: 


‘When on the first day of the month Nisan the star of 
stars (or Dilgan) and the Moon are parallel, that year is 
normal. When on the third day of the month Nisan the star 
of stars and the Moon are parallel, that year is full.’ 

In this observation the young Moon was used as a pointer 
to connect the position of the Sun with the index star. In 
the ordinary way this setting together of the Moon and the 
index star, which in this case was Capella, could only take 
place on one of the first three evenings of the first month; 
for if in any month the two set together on the fourth even- 
ing they would also set together on the first evening of the 
next month, which would thus be pointed out as the actual 
‘Nisan.’ The setting together of the Moon and star on the 
third evening meant that the Moon had by that time moved 
more than twenty degrees turther from the position of the Sun, 
so that the Sun would be more than twenty degrees 
lent to the distance which it moves 
short of the position of the star. 
therefore, would be put very early. 





equiva- 
in twenty days—further 
The beginning of the year, 

As twelve lunations are 
eleven days short of the solar year, these eleven days plus the 
twenty or more days by which a year thus opening would 
begin early, would make up an entire month, and the year 
would have to be reckoned as ‘full,’ that is, as containing a 
thirteenth month. 

But the constant recurrence of the Triad of Stars, as prac- 
tically a single symbol, is not fully explained by referring it 
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to a combination of the symbols for the first two months. 
About 4000 B.c., the setting together of the young Moon with 
the twin stars, Castor and Pollux, took place, on the average, 
about the time of the spring equinox. For many centuries, 
therefore, the Moon on its back, side by side with a pair of 
bright stars, was seen low down on the western horizon, on 
one of the first three evenings of the first month of the year. 
The Triad of Stars is therefore nothing but a picture of a 
single astronomical configuration observed by men year after 
year, through many centuries, some six thousand years ago. 
It was therefore the natural, the inevitable, symbol of the be- 
ginning of the year, and therefore of the year itself, and of 
time generally. 

The sunset gave the beginning of the day; the young Moon, 
seen in the sunset glow, gave the beginning of the month; the 
young Moon seen on its back in the sunset glow, together with 
the twin stars, gave the beginning of the year. No simpler 
means for recognizing the commencement of the year, and for 
synchronizing the month with the year and with the day, could 
have been devised. It required no instruments; no knowledge of 
the principles of astronomy; no recognition of particular stars 
other than the two used as the index; and in the words of 
the inscription over the shrine of the Sun-god at Sippar, the 
Triad of Stars, dwellers in the abyss of heaven would 

‘Announce to the years what they are to expect’; 
the observation of the beginning of the year, itself indicating 
whether the year was to be one of twelve months or of thirteen. 

No simpler method could then have been devised. But it 
had one drawback, a drawback which the early observers 





Sin. IsStar Samags. 


THE TRIAD OF STARS 
From a Boundary-Stone, of date about 1200 B. C., now in the Louvre. 


could not have understood or foreseen. Owing to the ‘preces- 
sion’ of the Earth’s axis, a sidereal year—that is, a year as 
marked by the return of the Sun to the neighborhood of the 
same star—is slightly longer than a solar or tropical year, 
marked by the return of the Sun to the same part of the 
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celestial equator. As the terrestrial seasons depend on the 
position of the Sun relative to the equator, a sidereal year 
tends to have its commencement later and later in the sea- 
sons, at the rate of about one day in a little less than seventy- 
two years. In two thousand years, the beginning of the year, 
as given by the observation of the Triad of Stars, would have 
fallen a full month late. When this was recognized the error 
could easily be corrected, since the bright star Capella was 
then so placed as to be ready to serve as index star in the 
place of the twin stars. As the constellation figures which 
have come down to us through the Babylonians and Aratus 
and Ptolemy were designed some time in the third millenium 
before the Christian era, it is not improbable that the change 
ot index stars was made at the same time. Capella probably 
continued to be the index star until about 700 B.c.; it seems 
clear that it was still in use in the year 1063 B.c. For the 
eclipse of the Sun which was total at Babylon on July 31 of 
that year was recorded as having taken place on Sivan 26. 
Had the Babylonians at that date reckoned their year from 
the new Moon next after the spring equinox, Sivan 26 could 
not have fallen so late as July 31; whereas, if the Capella 
method was still in use, the month Sivan would have practic- 
ally coincided with July as the eclipse shows to have been 
the case. 

At some date, not very far removed trom 700 B.c. an 
important astronomical revolution was effected. We have 
no historical record of the revolution, but its results are 
apparent. The Zodiac which had hitherto been divided into 
eleven or twelve constellations of very unequal extent, was 
now divided into twelve signs, allexactly equal. The Bull, 
which had hitherto been the first constellation, now  be- 
came the second sign, and the Ram, which had been the 
last constellation, became the first sign. It is probable 
that at the same time Capella was abandoned as the index 
star, since it now gave an obviously late beginning for the 
year; and there being no suitable star to take its place, 
the method of using an index star was superseded by the 
direct observation of the equinox. 

It is easy to see how the original meaning of the Triad 
passed out of recollection, whilst the symbol itself was still 
retained. When Capella became the index star, the Triad 
became divided, and the crescent on its back being naturally 
assigned to the first month, drew with it the allotment of 
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that month to Sin, the Moon-god, whose symbol the crescent 
was. The twin stars, now symbol of the second month, 
just as naturally involved the allotment of that month, to 
the Heavenly Twins—the king and queen of heaven—Sama& 


LY 


Spring. 





Autumn. 


POSITION OF THE CRESCENT MOON AT THE TWo EQUINOXES FOR LATITUDE 25°N, 


and [IStar—the ruler of the day and the ruler of the night. 
At a much later date, when the planets were recognized, 
and Venus the morning star was identified with Venus the 
evening star, it was natural to assign this beautiful attend- 
ant on the Sun to [Star as the consort of Samaés. 


c 


Conse- 
quently in the later presentations of the Triad we find the 
twin stars differentiated in form; one is a disk bearing a 
four-rayed star with four streams of light, elsewhere the 
symbol of Samas, the Sun-god; the other an ordinary eight- 
rayed star. But on the earliest example that we have of 
the Triad—the triumphal stele of Naram-Sin, now in the 
Louvre—we find both stars are of the latter type; both sim- 
ple eight-rayed stars; neither of them the solar disk. 





A SIMPLE APPLICATION OF VECTORS. 





ARTHUR B. TURNER. 


For POPULAR ASTRONOMY. 


Since the vectors drawn from a common origin to A, B, C 
and G terminate in a plane 


(1) ai+ bB+cC+ 96 


go =9 


(2) and a+ bt+te+g =0 


Ss —_ 


where a, b,c and g are scalar coefficients. 
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A 








B C 


Dp 


Rearranging (1) and (2) and dividing, we have 


{ bB+ cC aA + 2G 
r= = 
| b+ c a+geg 
J aA+cC bB + 2G 
oF a = = 
(3) < a+c b+g 
aA + bB cC + 9G 
x= 
| a+b c+e2 


where P, Q and R are vectors drawn from the same origin. 


Ist Case. 
Assume a = h=c, then g = — 3a — 3b = — 8c and equa- 
tions (3) become 





P B+C 1— 36 

2 1—3 
. 1+C B—2G 
: 2 1—3 
‘ig ASP 
— = — 1-8 


whence, lines 4P, BO and CR become the medians which in- 
tersect at the point G. We also see that G divides the medians 
in the ratio of 2:1 


2nd Case. 


assume 
a=ma’ 
b= mb’, then g = — m(a’ + Bb’ +- ec’) 
le: > mc’ —-—2ms 


where a’, b’, and c’ are the sides of the given triangle A BC 
and m is a constant. 
By substitution 


{ p b’B+ ¢’C _ aA— 2sG 
-_ b’ c’ a a’ — 2s 
| ete. etc 

| etc. etc 
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whence lines AP, BQ and CR become the bisectors of the 
angles A, B and C and they intersect at the point G; and 


G divides AP in the ratio (b’ +c’): a’ 
“ “6 BO ot sé ss (a’ a c’ ys b’ 
ot ae ck ae ae oe (a’ + b’) : c | 
3rd Case. 


assume 


a=>mtanaA 


then g = — m(tan 4+ tan B + tanC) 
b == m tan B, 


— mtan A tanB tan C 
¢ =m tan C 
and we have 
Pp tanBR+tane.c tan 4.4 — tan 4 tan B tan CG 
— tan B + tan C — tan A—tan Atan BtanC 
ete, etc. 
ete. etc. 
In this case AP, BQO and CR become the altitudes of the 





triangles and G becomes their point of intersection and it 
divides 


AP in the ratio (tan B+ tan C):tan A 





BOQ - (tan C+ tan A): tan B ' 
CR ” (tan A+ tan B):tanC 
4th Case. 
assume 
a=msin 2A 
b= msin 2B, then g = — m {sin 24 + sin 2B + sin 2C) 
¢= mem 2C 
and 
sin 2B.B + sin 2C.C sin 24.A — (sin 24 + sin 2B + sin 2C)G 
= “sin 2B + sin 2C ~ sin 24 — (sin 24 + sin 2B-+ sin 2C) — 





whence G becomes the intersection of theper pendiculars erected 
at the middle points of the sides of the triangle, and it divides 


AP inthe ratio (sin2B + sin 2C):sin 24 


ete. ete. 
ctc etc. 
5th Case. 
Suppose e=—-—b=—a 
then go=—(athb+e)=+e 


and 
bB— bC B—C : 


>— =» 
ies b—hb 7 ra) 
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and the line AP is parallel to side BC of the triangle. 


ai—aC _ eg 


i = = = @ 
- a-—a 0 


and the line BOQ is parallel to side AC of the triangle 


ice ai+aB A+B cC+cG  C+G 


a+a 2 ssa e+ Cc 2 





~) 


and the line CR bisects the sides AB of the triangle. G is the 
point where line CR meets the lines parallel to the other two 


sides. This point divides CR externally in the ratio of 2:1. 
Montclair, N. J 
April 16, 1908. 





AN ASTRONOMICAL THEORY OF THE MOLECULE 
AND AN ELECTRONIC THEORY OF MATTER. 
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SEVERINUS J. CORRIGAN 


FOR POPULAR ASTRONOMY. 


Part III. (Continued.) 


THE NATURE OF THE SOLAR RADIATIONS AND THEIR RELATION 
TO TERRESTRIAL MAGNETISM AND OTHER 
METEOROLOGICAL PHENOMENA. 


In the consideration of this part of the subject reference will 
be made to certain numerical values of the magnitudes and 
motions of the ultimate particles of matter, these values hav- 
ing been derived through a rigorous analysis from the funda- 
mental concepts of my theory, linear dimensions being ex- 
pressed in inches, and ‘‘mass”’ in pounds avoirdupois, as these 
are units more familiar, probably, to the greater number of 
readers, than CGS units, although the latter are preferable 
from a strictly scientific standpoint and will necessarily be 
used when I come to a discussion of electro-magnetic action; 
in any case these units are easily intercovertible. 

Under my theory, the molecules of all simple gaseous matter, 
when in the normal state, consist of perfectly spherical, elastic, 
solid particles theoretically divisible but actually undivided, 
continuous in all portions of their volumes, incompressible, im- 








412 Theories of Molecules and of Matter 





penetrable, rigid and possessing absolutely no other properties 
except mass, motion, and inertia. These ultimate particles of all 
matter, the ‘‘atoms,’”’ being absolutely homogeneous and of 
equal dimensions and mass, the differentiation of the one uniform 
primal type of matter, (the Ursthoff) into the host of known 
chemical ‘‘elements”’ and ‘‘compounds,”’ being effected by changes 
in the forms of atomic orbits, of the orbital velocities of the 
atoms therein, and of the particular groupings of these atoms 
and their orbits in each molecule, and, under my theory, the 
specific nature of these changes, and the absolute measure- 
ments thereof, are determinable. 

The critical reader will, probably, note that my above stated 
concept of the nature and properties of each and every atom 
of matter is practically identical with that of the ideally 
perfect, elastic homogeneous incompressible fluid conceived by 
Lagrange, mathematically elaborated by Helmholtz, with re- 
spect to rotational movements therein, and upon which Sir 
William Thomson (the late Lord Kelvin) based his famous 
“theory of vortex atoms.’’ The essential point of difference 
between that theory and mine is that the latter regards these 
atoms as being, not in permanent contact with each other,-- 
thus forming a continuous fluid medium,—but as discrete par- 
ticles endowed with the ‘tvector-property” of revolution around 
the center of the molecule of which they are the sole compo- 
nents, the molecules themselves being in permanent contact 
inter se—a medium composed of myriads of these molecules, 
although discontinuous, acting exactly as would the ideally 
perfect, continuous, elastic fluid in so far as the transmission 
of ‘‘radiance’”’ of all kinds is concerned. Furthermore, under 
my theory, one of the most difficult questions of ‘‘molecular 
physics”, viz, that as to the connection between ‘‘gross pon- 
derable matter’? and the so-called ‘“timponderable ether’’ is 
solved in the most simple manner, because a fundamental con- 
cept of that theory is that the ultimate particles of a/] matter 
(using the word ‘‘ultimate’”’ in its strictest sense) are the ulti- 
mate particles of the ‘ether’ itself. The initial differentiation 
of this “Ursthoff’, or simple, fundamental cosmic matter, into 
the more complex forms such as those with which we are 
most familiar upon the Earth, occurred in so far as the solar 
system is concerned et ab uno disce omnes when the primitive 
solar nebula, the evolution whereof I have described, from the 
view point of my theory, on preceding pages, began to com- 
press toward the density and dimensions of the Sun at the 
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present time, the transformation of the normally circular orbits 
of the atoms of the nebulous mass being effected by this com- 
pression, and consequent heating, of the molecules, and the 
subsequent abstraction, or loss, of heat (or, what is equivalent 
thereto, the reduction of orbital velocity of the atoms) below 
certain “critical points” this action resulting in the formation 
of the many chemical combinations of matter—‘‘gaseous,” 
“liquid” and ‘‘solid’—known to physical science. Applying the 
principles and algebraic formule of Analytical Mechanics con- 
cerning the “impact of bodies’’, to the case of an indefinitely 
great number of almost infinitesimal, spherical, perfectly elastic, 
homogeneous particles such as the “atoms’’ conceived by my 
theory, moving in rectilinear paths and in all directions, each 
having its “center of inertia’? coincident with its ‘“‘center of 
figure’, I have demonstrated that the attainment of a con- 
dition of ultimate equilibrium in a volume of such matter, 
requires that these atoms be deflected from their originally 
rectilinear paths, extended in all directions, into circular paths 
or orbits, any one atom having any given direction being 
thereby ‘‘associated”’ with another atom the rectilinear mo- 
tion whereof was in a diametrically opposite direction to that 
of its ‘associate’, the motion of the second atom in its result- 
ant circular path being, likewise, in an opposite direction, (the 
idea of “polarity,’”’ in a certain sense is thus introduced since, 
if one atom be regarded as moving in a direction that may 
be called “plus’’ the other, complementary, atom must move in 
a “minus” direction, these two ultimate particles of matter 
forming what I have termed an ‘‘atomic-couple,” and_ this 
arrangement being the foundation of the ‘‘diatomic’’ structure 
of simple gases as conceived by chemistry. Although physical 
science, in all probability, can never comprehend, and need take 
no cognizance of, either the absolute origin, or the ultimate 
destiny, of these fundamental particles of matter endowed only 
with mass, motion and inertia and the few simple properties 
of the ‘ideally perfect fluid’ aforesaid, it can trace the up- 
building therefrom of the whole complicated structure of the 
known material universe. Furthermore, in order that physical 
equilibrium should be established, and conserved, among an 
indefinitely great number of such ‘‘atomic-couples,”’ it is neces- 
sary that a definite number thereof should arrange themselves 
with reference to a fixed point, in such wise that the comple- 
mentary atoms revolve around this point in circular orbits, 
this arrangement of these atoms around the fixed point as a 
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‘“‘focus’’, or center, being comparable to a spherical shell (hav- 
ing the thickness of an atom) inclosing the common center 
and constituting a physical molecule which is simply a mechan- 
ical arrangement of matter, the atoms and molecules as ordi- 
narily defined by Chemistry, consisting of specific groupings 
and modes of motion of the myriads of absolutely similar, 
chemically inert, ultimate particles of matter that, in my 
theory, are termed ‘‘atoms’’. It should here be distinctly noted 
that, while there is a difference between the two, there is no 
conflict between my concept of the atoms and their motions 
and of their congregation, under the conditions of equilibrium 
and the “laws of motion’’, into the spherical molecule afore- 
said, and the concept of Chemistry as to atoms and molecules 
and Dalton’s law of chemical combination—these ‘‘chemical’”’ 
concepts being, in fact, dynamical deductions from the ‘“‘phys- 
ical’”’ concept upon which my theory is founded, and we may 
consider these myriads of ultimate particles, grouped two and 
two, or diatomically, in the physical molecule, as merged in 
two larger masses corresponding to the two atoms of a chem- 
ical molecule in the case of gases. 

Furthermore, in the quite recently enunciated ‘electronic 
theory,’ the ‘electrons’? are regarded as corpuscles smaller 
than the atoms and as revolving in orbits around the latter 
(as do the planets around the Sun), while in the theory ad- 
vanced by me nearly a decade previously, the absolutely 
ultimate particles of matter that I have called ‘‘atoms”’ are 
themselves, the ‘‘electrons’’ in no wise connected with, or re- 
volving around a larger mass or atom, their motions being 
around a common center which is that of the molecule of 
which they are the components; this distinction between the 
two theories—in some respects similar—should be noted because 
it leads to some important results, as will be demonstrated. 
The number of atomic-couples in a molecule is definite, and 
determinable by the condition that each atom must have a 
“mean free path’? around the circumference of the spherical 
molecular shell, the atoms whereof make impact with and dis- 
place each other, only when passing through the ‘‘nodes” of 
their circular orbits around the molecular center, each atom 
being thus displaced twice in each orbital revolution the extent 
of displacement or, as it may be termed, ‘amplitude of vibra- 
tion’? being in each case, the semi-diameter of the atom. 
These vibrations determine the “molecular heat’? and the fun- 
damental absolute temperature of a mass of gaseous matter 
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composed of such molecules, and from said temperature the 
semi-diameter, or radius, of each spherical atom can be deter- 
mined in absolute measure, my value of the diameter of an 


1 , : . ; 
atom Ga; < Io"? inch ) having been derived by this meth- 


od, from the absolute temperature of the luminiferous ether, 
which I have determined as stated in the preceding part of 
this paper. It is very evident, from a simple geometrical con- 
sideration, that the number (7) of atoms in a molecule, under 
the condition that each atom must have a “mean free-path’’ 
around the circumference of the molecular shell, is determinable 


. d ‘ , 
through the equation n= 2. = (1) in which the numerator 


(d) represents the diameter of a molecule, and the denomin- 
ator that of an atom. As stated in a’preceding part of this 
paper I have found, by a method to be set forth in detail, that 
the diameter of a molecule of the atmospheric gases at nor- 
mal pressure and temperature (Barometer 30 inches, Temper- 
ature 32° Fahrenheit, or 492° of the ‘absolute scale’’) is 
1 ‘ a 

7359 X10! inch which is very nearly the same as the value 
determined for hydrogen, by Loschmidt, and of the same order 
of magnitude as the determinations made by the late Lord 
Kelvin and others, by methods entirely different from mine. 
With this value of d and that of the diameter of an atom as 
stated in a preceding paragraph, substituted in equation (1) 
the number of atoms in the normal atmospheric molecule 
which I have adopted as the “standard,” is found to be 
3460 x 10". The number of molecules in contact with unit 
surface of one square inch, being inversely proportional to the 
square of the molecular diameter (qd), is under the normal con- 
ditions aforesaid, 5416 X 10”, or 7798 * 10" per square foot, 
these spherical molecules, in each case, forming a layer, or 
‘interface’, the thickness whereof is equal to the molecular 
diameter aforesaid, a fact that should be well noted because 
the actions and reactions in operation in this layer or ‘‘inter- 
face’, constitute the whole scheme of ‘‘radiation,’’ thermal, 
luminous and electro-magnetic, this ‘“‘interface’’ being also the 
seat of ‘chemical action’? and ‘‘contact force’. The number 
1 

7 sothat, 
under the normal conditions, there are 3985 x 10” molecules 
in one cubic inch and 6887 x 10” in one cubic foot. Now the 


of spherical molecules in a volume is proportional to 
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weight of one cubic foot of dry atmospheric air, under the 
normal conditions, as determined by Regnault, is 0.080727 of 
a pound avoirdupois, so that, dividing this weight by the 
aforesaid number of molecules in a cubic foot. we obtain as 
1 
8531 XK 107 
pois and dividing this value by the number of atoms in a 
normal molecule, stated in a preceding paragraph, there results 
1 
2952 X 10° 
Furthermore, since ‘‘mass’’ is equal to ‘‘weight” divided by 
the terrestrial ‘‘force of gravity’’ (g) the value whereof is, very 
approximately, 32.2 feet per second, the ‘tmass’’ of an atom 
. 1 
9505 x 10” 


the weight of each molecule of a pound avoirdu- 


,, pounds avoirdupois, as the weight of an ‘“‘atom.”’ 


of a pound avoirdupois, while that of a mole- 


cule composed of these atoms is pounds. This 


2745 x 10” 
“mass” of an atom may properly be regarded as the smallest 
unit of ‘‘mass’’, and g times this value as the least unit of 
‘“‘weight,’’ in all Nature, the diameter of an atom which is 
1 
1273 X 10” 

A body having a “mass,”’ or ‘‘weight’’, as small as the 
aforesaid values, may, in certain sense, be regarded as ‘‘im- 
ponderable” because these quantities are far beyond the possi- 
bility of experimental determination, but they are nevertheless 
finite and very accurately determinable, by mathematical 
analysis, from measured quantities of the same order. 

Considered singly, an atom is practically an incomprehensible 
quantity, but the number of them in even a very small volume 
—such as a cubic inch—is so enormous, as the values thereof 
stated in a preceding paragraph demonstrate, that they are 
brought well within the range of our comprehension, and can 
be regarded and treated as other measurable quantities. 

The volume of an atom is geometrically deducible from the 
diameter of that particle, and therefrom the number of atoms 
in one cubic foot can be ascertained, these incompressible, 
solid particles being regarded as packed, in this volume, in 
absolute contact inter se—not as grouped in ‘‘molecules’” in 
which they are really widely separated,—and since the weight 
of each atom is known, that of the quantity in each cubic 
foot can be easily found, a division of this weight by that 
of a cubic foot of water under the normal conditions (621% 


inch being the shortest Jinear unit therein. 
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pounds avoirdupois) giving as the density of an atom, rela- 
tive to the normal density of water, the value 4 * 10* to 
within less than one per cent. 

The greatest density of any known solid is that of the 
metal platinum (hammered and wire-drawn) this density 
being 2144, the density uf an atom being therefore two-septil- 
ion times this value, so that the atomic density, although 
finite, may be regarded as practically infinitely great, and 
since these atoms, of uniform dimensions and density, are 
not only the ultimate particles of gases and so-called “gross 
matter’, in general, but also of the ether itself, the enormous 
atomic density aforesaid is most significant. 

A mass of these almost infinitely small and imponderable 
particles each impenetrable, incompressible, and continuous 
throughout its volume (being divisible but undivided,) perfectly 
spherical, elastic, homogeneous and of enormous density and 
rigidity, as well as perfectly smooth (a mass of these atoms 
being absolutely devoid of viscosity) would constitute the 
‘ideally perfect fluid’? conceived by Lagrange, in which all 
stresses between any two contiguous portions of the fluid 
are normal to the surface separating these portions, but mo- 
tion in this ‘‘fluid’’ would be of the type termed “‘irrotational”’. 
It was Helmholtz who first pointed out the conditions of 
rotational motion in such a fluid and the remarkable proper- 
ties of a vortex-ring which was subsequently adopted. by the 
late Lord Kelvin as the true form of an atom, as enunciated 
in his famous ‘“‘theory of vortex-atoms.’’ Now my concept of 
the vector-property of orbital rotation of the atoms around 
the centers of their respective molecules, accounts perfectly, 
for all the motions and stresses known to take place in the 
“luminiferous ether’? and which give rise to all the phenomena 
of ‘‘radiation’’, heat, light, electrical, magnetic and chemical 
action, as will be demonstrated. The origin of the orbital 
motions of these atoms (to which motions all the vast ener- 
gies of the material universe are traceable) and the forms of 
the atomic orbits, are distinctly definable through my theory 
under which, as stated, the ultimate particles of the primal 
matter of the universe are considered as moving, originally, 
in rectilinear paths and in ai// directions and then, under the 
conditions of equilibrium and the laws governing the ‘impact 
of bodies’’,—as expressed by certain equations of Analytical Me- 
chanics,—being grouped, in definite and enormously great num- 
bers, in the form of the hollow spherical molecules of vastly 
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larger dimensions than those of the atoms composing them. 
These atoms by reason of the fact that each must havea 
‘‘mean tree path’? around the spherical surface of the molecule, 
constitute only a very small portion of said surface although 
their number per molecule is enormous (346 X 10” in the case 
of the molecules of the atmospheric gases under the normal 
conditions) but while these atoms are really widely separated 
their ‘‘angular velocity’? or number of revolutions per second, 
around the molecular center, is so great (854 x 10", per sec- 
ond) that, in so far as ordinary extraneous forces operating 
against a molecule are concerned, these atoms may be re- 
garded as being at all points of the molecular surface at the 
same time, and as constituting the practically, solid shell of 
the hollow molecule which therefore possesses very great rigid- 
ity,selasticity and impenetrability, but these properties in the 
case of the “‘molecule’’ are not so great as those in that of 
the ‘‘atom,”’ in which they are perfect. 

A molecule may therefore according to my concept be re- 
garded as a center of force due to the orbital motion of its 
component atoms and as a form of vortex-atom in an ‘“‘ideally 
perfect fluid’? such as that which I have described on a pre- 
ceding page. 

Therefore my theory may be regarded as simply a modifica- 
tion of those of Lagrange, Helmholtz and Lord Kelvin in this 
respect, but it is an important modification because it has led 
to practical analytical results agreeing well with the facts of 
observation and which results have never been attained—and 
are apparently unattainable—through the first named theories. 
The same statement may be made concerning the relation be- 
tween the ordinary “kinetic theory of gases’? and mine, the 
latter giving not only a// the practical results obtained through 
the former but also a considerable number of very important 
ones that are evidently beyond the reach of the ‘‘kinetic the- 
ory”’ aforesaid, which regards the motions and properties of 
‘‘molecules’”’ instead of the motions and properties of the 
“atoms’’ composing these molecules and which are the prime 
factors under my theory. All the atoms of each molecule are 
constrained to move in their orbits by the practically incessant 
impacts of the revolving atoms of the immediately surround- 
ing and contiguous molecules, whereby a force is developed 
that is exerted toward the center of each molecule and thus 
constitutes a “centripetal force’? which operates in a manner 
perfectly analogous to that of “gravity”, it being, however, 
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not really a force of attraction, as the latter is commonly re- 
garded, but one of constrained motion caused by, practically 
incessant, atomic impacts from without each molecule and 
directed toward a center within the absolutely void interior 
of the molecular shell; in other words, it is a ‘push’? and 
not a “pull”? as the ‘force of gravity’’ is conceived to be, 
and it exactly balances the ‘centrifugal force’? due to the or- 
bital motion of the revolving atoms. This ‘‘centripetal force’’ 
being due to the actual impacts of the atoms of contiguous 
molecules, it is very obvious that my concept thereof is abso- 
lutely free from any assumption of action at a distance with- 
out the agency of intervening matter. This is a very import- 
ant fact because the canons of science do not permit us to 
assume the existence of a force of attraction operating between 
the component atoms of a molecule, through an absolute void 
even though the distance separating these atoms be almost 
infinitesimal,—any more than they permit us to make a similar 
assumption in the case of the widely separated molar masses 
of the universe composed of these atoms, viz. the Sun, planets 
and other members of the solar system, and the far distant stars, 
but we are at perfect liberty to treat this force as if it were 
one of attraction exerted through an absolute void. 

While this ‘‘centripetal force’’, as aforesaid is not absolutely 
continuous in time but is the result of a succession of impul- 
sive forces, or impacts, and is therefore propagated in time, 
the number of revolutions and consequent impacts is so enor- 
mous—being 854 * 10" in the case of the normal molecules 
of the atmospheric gases—that the interval between the im- 

1 

854 X 10" 
second (4613 times this in the case of the ether in outer space) 
so that the force aforesaid may be regarded as practically, 
continuous in time, as that of “‘gravity’’ is supposed to be; 
it is, therefore, practically an incessant force, and we know 
from Analytical Mechanics that the “acceleration” of a body 
moving in an orbit under the action of an ‘incessant force’’ 
which may be represented by F, is proportional to ,F 

Now, designating the semi-diameter of each molecule (which 
radius is the mean-distance in the atomic orbit) by a it is 
obvious, from a simple geometric consideration, that it the 
molecules be compressed, or expanded, and the values of the 
quantity represented by a be consequently reduced, or in- 
creased, without any loss or gain of atomic linear velocity 


pulses, or impacts, cannot be more than the of a 
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(which is equivalent to the statement “it there be no loss or 
gain of ‘“heat’’ in the mass, the process being adiahatic’’) the 
“angular velocity,” or number of revolutions per second, will 


; 1 , F : 
ye proportional to —, simply, without rega o the action o 
be proport lt ; ply, without regard to the action of 
a 


the accelerating force (/), and when this is taken into account 
the “angular velocity (”) is expressed by the equation » = F; 
(A), but since the accelerating force (F) is proportional to the 


a ; 1 
number of impulses, or impacts, per second, and these to —, 


c 


it follows that ) F: - and substituting this expression in 
a’ 
, : ; 1 
equation (A,) there results the following »=—— , (B,) and 
a* 
since the time of revolution (7) is inversely proportional to the 


‘angular velocity” (#), it is expressed by 7 = a~, (C,); whence 
f= a: ({D,). 

Equation (D,) expresses the fact that in the case of the 
atoms revolving around the center of each molecule, according 
to my theory, ‘‘the squares of the times of revolution are 
directly proportional to the cubes of the mean-distances,” my 
law expressed as atoresaid being identical with Kepler’s 3rd law 
of planetary motion’? whence it follows, as a corollary, that 
the law of the force that constrains these atoms in their 
orbits, is that of the “inverse square’ of the distance of the 
atoms from the centers of their respective molecules, this law 
being, therefore, identical with Newton’s “law of gravitation.”’ 
I have thus found that both laws rest upon the basic-fact of 
the primordial rectilinear motion of the atomic masses, the 
origin of both these masses and motion being inscrutable from 
a scientific view-point; that the ‘‘centripetal force’ in this case 
is one of compression, and not of tension, it being a ‘push,’ 
and not a “pull’’, as stated above; that it is not exerted at 
a distance through a void, but between the material atoms 
temporarily in absolute contact at extremely frequent inter- 
vals, and that it is, therefore, propagated in time although 
the time of propagation is almost inconceivably short, as I 
have pointed out on a preceding page. 

These conditions existing in the case of the ultimate par- 
ticles of all matter, lead, almost irresistibly, to the conclu- 
sions of the hypothesis advanced by LeSage in the early 
part of the 19th century—and held subsequently by others— 
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which asserts that what is called ‘‘the attraction of gravi- 
tation’ is in reality a force due to an unbalanced pressure 
from the ethereal matter in space, and tending to push one 
body inward toward another, the former body being, as it 
were in a dynamic shadow cast by the latter, this condi- 
tion being, of course, mutual. Certain facts brought to light 
by my theory, and bearing directly upon this question, will 
be discussed on a subsequent page. In the discussion 1mme- 
diately preceding, the orbits of the atoms when undisturbed 
are regarded as perfectly circuJar and their molecules as 
perfectly spherical, the center of apparent attraction being in 
this case at the molecular center which is the actual condi- 
tion in the case of a perfect gas, and pre-eminently in that 
of the luminiferous ether but when such matter is forcibly 
compressed and heated by the consequent increase of the 
atomic motion and this motion with its resultant heat is 
subsequently reduced by any means of abstraction, the atoms 
fall into elliptical orbits the eccentricity whereof increases 
with the degree of cooling, and when a certain ‘critical 
temperature’’—proper to each gas—has been reached the atoms 
set themselves in definite groupings dependent upon the form 
of each orbit and the velocity of the atoms therein, a mass 
of such molecules first enter the /Jiqguid state, while a still 
further decrease of heat to a lower critical temperature will 
raise the eccentricity closely to “infinity’’ in which case the 
atomic orbits become sensibly straight lines, and the orbital 
revolutions simply /ongitudinal vibrations and from the mat- 
ter then entering the solid state, the atoms in most cases 
being so arranged in their orbits as to give rise to the phe- 
nomena of crystallization. 

Thvs, according to my theory, all the different kinds of 
matter of which we are cognizant, have been derived from 
one uniform type of atom each ‘“‘in the beginning’? moving in 
a rectilinear path which subsequently became circular, this 
process resulting in the development of the molecular condi- 
tion first evidenced in the ether and subsequently in the 
matter of the gaseous nebulae. 

The linear velocity (V,) in the atomic orbit is found by 
multiplying the angular velocity as expressed by equation 
(Bi), by the mean distance (a), the resultant expression be- 


1 


—, (&); and since a represents the semi-diameter 
Va 


of a spherical molecule of perfectly gaseous matter, it follows 


ing V, = 
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that this “linear velocity’’ is inversely proportional to the 
square-root ot the diameter (d) of each molecule, which 
diameter is inversely proportional to the cube root of the 
volume-density (D) of a gas composed of these _ spherical 
molecules, so that, when proportional quantities only are con- 


sidered, V,? = D', (Gi) which is an expression for the relative 
ability of gaseous media, of different densities. to transmit 
radiant energy; equation (F)\) is the expression in the case of 


luminous ‘‘radiance’’ the quantity expressed by pD® being a 
factor in connection with the so-called ‘‘pressure of light’’. 

The dimensions and masses of the atoms and molecules have 
been set forth above, but the ‘‘mass’’ is only one factor in 
the analytical formulae for the ‘“‘energy’’ of the universe com- 
posed of these atoms and molecules, the other—and predomin- 
ant—factor being the motion of the ‘“‘mass’’ as expressed by 
the velocity of the atoms in their orbits around the molecular 
centers, the absolute values of which velocity will now be 
considered. 

Under my theory, the fundamental orbital velocity in all 
Nature, is that of the atoms of the molecules of the “lumin- 
iferous ether,’’ in their normally circular orbits around their 
respective molecular centers, this velocity being 6182 X 10° 
feet per second, 27 times the “velocity of light’? which is, 
simply, the ‘“‘projection”’ of this linear orbital velocity upon 
the diameter of each molecule of the ether aforesaid—it being, 
obviously, a radial quantity—and it has been well determined 
experimentally by several eminent physicists—the latest and 
most accurate results being those of Newcomb and of Michel- 
son. The ‘“‘velocity of light’’—which is here taken at 186,340 
miles, (9839 X 10° feet or 2999 « 10’ centimeters per second, )— 
is one of the few elements of observation that form the basis 
upon which all the analytical and numerical determinations of 
my theory firmly rest. 

By the compressive action of terrestrial gravity the dim- 
ensions of a normal molecule of the atmospheric gases at the 


Earth’s surface, is reduced to the sa 750 part of the diam- 
eter of a molecule of the ether in outer space where said mole- 
cule is at the limit of maximum gaseous expansion, and since 
the linear velocity of a body moving in an orbit, according 
to ‘‘Kepler’s 3rd law’’, is inversely proportional to the square 
root of the mean distance which in this case, is the semi-diam- 
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eter of the molecule, it follows that the linear velocity of the 
atoms of the normal atmospheric molecule, which I have 
adopted as the standard, is 3039 < 10° feet, per second, or 
491% times the linear velocity of the atoms of the molecules of 
the ether. In my theory, as in the modern, commonly accepted 
thermodynamic one, (of which mine is only a modification), 
heat is regarded merely as a ‘‘mode of motion” of a mass, one 
of my fundamental concepts in this connection being that the 
absolute temperature of any gas is directly proportional to 
the linear velocity of the atoms in their orbits, and, in the 
case where the volume,—and therefore the diameter,—of each 
molecule is kept constant, it is directly proportional to the 
number (N) of revolutions of these atoms in unit-time; so that, 
if we regard the aforesaid linear velocity of the atoms of the 
ether, in their molecular orbits, as corresponding to the 
unit of absolute-temperature (7,) or to 1° above absolute 
zero, the absolute temperature of the atmospheric gases, 
under the normal conditions, at the Earth’s surface, is 4913 
degrees; or 32° above zero according to the ordinary Fahren- 
heit scale, and this is, precisely, the normal temperature upon 
which all my numerical computations of temperature, extend- 
ing through the whole range of my theory, have been based. 

Furthermore, since the normal molecules of the atmospheric 
gases and of the ether are regarded as perfectly spherical the 
molecular diameters are inversely proportional to the cube root 
of the relative density of gaseous matter composed of such mole- 
cules, and since the relative density of the ether is, according 
to my determination to which reference has been made in a 


’ 1 : , : 
preceding part, 1412 X10" of that ot air at barometric pres- 


sure of 30 inches of mercury, and at temperature 32° Fahren- 
heit, the diameter of a molecule of the ether is 241,720 times 


that of the normal atmospheric molecule (the value whereof 
1 


is roundly 23 585.000 of an inch) and therefore 0.003285, 


' 1 ; 
or a little less than 304 of an inch, 


although so small, being the diameter of the most greatly 
expanded molecules of the Jeast dense matter in all nature— 
the omnipresent all—prevading fluid medium called the ‘‘lumin- 
iferous ether’? whence, under my hypothesis, all known forms 
of matter have been derived in the manner, and through the 
processes that I have described. According to my theory, as 


this linear dimension, 











424 Wind Pressure on an Observatory Dome 





stated in a preceding paragraph, the absolute temperature (7) 
of gaseous matter is proportional to the number (N) of revo- 
lutions, and consequent impacts, of the atoms of the molecules 
inter-se in unit, time, these atoms moving with the funda- 
mental orbital velocity (\,), as expressed by the equation 
NV, = TV,. But, under my theory, the pressure (P) of all 
gaseous matter is caused by the practically incessant impulses 
and impacts of the revolving atoms of the molecules of the 
gas inter se, and against the internal surface of the walls of 
a containing vessel or, in the case of ‘“‘tatmospheric pressure,”’ 
against the restraining surface of the Earth, on the one hand, 
and on the other (through a rapidly decreasing series of at- 
mospheric densities and pressures, upward through a height 
of 250 miles, as determined through my theory) by the equi - 
librating pressure of the gaseous matter of the luminiferous 
ether in outer space, the pressure, density and temperature 
whereof are the fundamental limiting quantities, in these 
respects, upon which all others are based, according to my 
theory. 
Saint Paul, Minnesota. 
To be continued. 





WIND PRESSURE ON AN OBSERVATORY DOME. 





E. D. ROE, JR 


For PorvULAR ASTRONOMY. 


In Vol. 14, (1906), p. 348 of PopuLAR AsTRONOMY the writer 
gave formulas for the wind pressures on a smooth hemispher- 
ical dome as follows: 


7 7 
xXx=3 Fr | . { * cos* 6 sin 6d@ad¢ = 1 F rr’, 
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to which may be added, 
Z=2Z,+ 2 


T a7 1 
5 * 69 . - ‘ 
{ “ sin? @cos 6 sin @ dé dg = Frr*, 
3 
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ATR oy / 44.7 .. 
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where F is the normal pressure of the wind per unit of sur- 
face, r is the radius of the dome, X is the horizontal pressure 
in the direction of the wind, Y is the vertical pressure, Z is 
the lateral pressure perpendicular to the plane of the horizon- 
tal and vertical pressures, Z, is the lateral pressure on a 
single side, and R is the total or resultant pressure. We note 
that Z, is equal to one-half of the vertical pressure, and that 
the total pressure R acts through the center of the dome at 
an angle of 32° 29’ to the horizon. 

It may be of interest to get some idea oi the actual pres- 
sures sustained. For an indicated wind velocity of 78.67 miles 
per hour, which corresponds to a corrected or actual velocity 
of 61.27 miles per hour, the normal pressure per square foot 
at sea level is 15 lbs. This is obtained from a table of cor- 
rected velocities for given indicated velocities, and a table 
for pressures corresponding to indicated velocities by means 
of the formula, 


> 


B 
P= .0040 30 SV? , where 


P = pressure, in pounds avoirdupois, 
S = surface, in square feet, 


V= corrected velocity of wind, in miles per hour, 
B= height of barometer in inches. * ~ 


Assuming B= 30, and a 61.27 mile wind, corresponding 
to an indicated velocity of 78.67 miles per hour, we should 
have with the pressure of 15 lbs. to the square foot+ for a 
14 ft. dome, the size of the writer’s dome, 





* Anemometry, Professor C. F. Marvin, Department of Agriculture, Wash- 
ington, D.C., 1907, p. 17. 


+ “Great dependence cannot be placed in the values for indicated velocities 
beyond 50 or 60 miles per hour, as thus far direct experiments have not been 
made at the higher velocities though it is probable the corrected values are 
throughout much more accurate tnan values computed from older formulas 
and uncorrected velocities.’’ Anemometry, p. 18. 
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X= £770 |1bs. approximately, 
 _— 490 ** = 
rh 245 * oF 

R = 912.66 * ania 


pressures which the dome should easily bear. 

From the tormulas for the pressure on a_ hemispherical 
dome, we see that the pressures on two hemispherical domes 
under the same conditions are to each other as the squares 
of their radii. 


Assuming the same (61.27 miles per hour) wind as before, 
we should have for a 90 ft. dome 


x _/45\ 
i, a r) _ 


X = 31,821 Ibs. = 15.91 tons, 
Y = 20,250 libs. = 10.125 tons, 
4, = 10,125 iba. == 56.062 tons, 
R = 87,717 ibs. = 18.858 tons. 


In the paper cited from Vol. 14, the writer remarked that 
an easily moving dome would turn with the wind. This 
actually occurs in the case of the writer’s dome. In fact the 
dome moves so easily that it can be turned by the pull or 
push of one’s little finger without difficulty. 

Syracuse University, 
April 4, 1908. 





THE STONYHURST DISKS FOR MEASURING 
THE POSITION OF SUN-SPOTS. 


A. L. CORTIE, S.J 
Director of the Section 

The Disks.—The originals of the disks, which were made for 
use at the Stonyhurst Observatory, were drawn to a scale of 
101% inches to the solar diameter. Their accuracy has been 
verified by the method set forth in a paper in the ‘Monthly 
Notices”? of the Royal Astronomical Society, Vol. 57, pp. 141- 
147, January 1897. From a comparison instituted between 
77 positions of sun-spots obtained by the use of the disks, and 
the extremely accurate measurements of the same spots made 


oC 


* In computing these values —> was taken for the value of 7. 
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on the Greenwich photographs with the measuring machine, 
it was found that the greatest difference in longitude was 
0°.6 in three cases, while 63 positions differed only between 
0°.3 and 0°. Of 73 comparisons in latitude five differed 0°.7, 
while 55 positions were within the limit 0°.3. These disks, 
eight in number, are true orthographic projections of the par- 
allels of latitude and meridians of longitude, corresponding to 
the eight values 0° to + 7° of the heliographic latitude of the 
center of the Sun’s apparent disk. The limitations of absolute 
accuracy in obtaining sun-spot positions by the means of or- 
thographic projections are set forth in the paper already cited. 

The disks have been carefully copied from the originals on a 
reduced scale of 6 inches to the Sun’s diameter by Messrs. 
Casella and Co., 11, Rochester Row, Victoria Street, London, 
S.W. They are reproduced on cardboard or on glazed linen, 
so that they can be used either on a sketching-board at the 
end of the telescope for direct projection ot the Sun’s image, 
or in the case of the set on glazed linen, for placing over 4 
disk-drawing of sun-spots and faculz. The use of the disks for 
measuring positions is explained in the following paragraphs. 
In addition to the set of disks there is required the table for 
P,D, L: P the position angle of the N. end of the Sun’s axis 
from the N. point of the Sun; D the heliographic latitude of 
the center of the Sun’s disk, or the apparent pole tilt of the 
Sun’s axis; and L the heliographic longitude of the center of 
the Sun’s disk. This table is published each year in the 
“Companion to the Observatory” (Messrs. Taylor and Francis, 
Red Lion Court, Fleet Street, London, E.C., price 1s.), the 
positions being given for intervals of five days, the values for 
intervening days being easily obtained by interpolation. In 
addition a simple table of natural cosines is needed (‘‘Mathe- 
matical Tables for Ready Reference,’’ by Francis Castle 
M.I.M.E., Macmillan & Co., price 2d). 

Method of Drawing and Orientation.—The use of the disks 
presupposes that the Sun is observed by projection. An efficient 
method of procedure is as follows. A drawing-board is sup- 
ported in a light frame which can be attached by means of a 
collar-piece to the draw-tube of the telescope containing the 
eye-piece, which it should fit tightly, but not so tightly but 
that it can be rotated round the draw-tube. A lining of felt 
is very suitable for this purpose. A convenient form of projec- 
tion apparatus is shown in the accompanying diagram. The 
cross-bar containing the collar is made in two pieces; into the 
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lower one are fitted the rods that carry the frame supporting 
the drawing-board, the upper portion being fastened over the 
lower half by strong hooks and eyes. The apparatus is easily 
attachable to and detachable from the telescope draw-tube. 
On a sheet of drawing paper a circle is described of the diam- 
eter, 6 inches, required to contain the projected solar image, 
and a horizontal diameter is drawn across the circle. Select- 
ing a spot on the Sun’s image, preferably a small one, if such 
be visible, the whole frame containing the drawing-board is 
turned about the draw-tube until the spot runs along the 
horizontal diameter. This fixes the direction of the Earth’s 
equator and the N. and S. points. Looking at the projected 
image, the W. or preceding limb of the Sun is on the left hand, 
and the N. point, as Mr. Whitelow* has pointed out, in any’ 
position at all of the image, is 90° counter-clockwise from the 





E. point. This simple rule is efficient in fixing the cardinal 
points when an altazimuth telescope is used. The Sun’s image 
is now made to fill the circle by means of the slow-motion 
gear, and the outlines of the spots and faculz are quickly 
traced with a pencil, a red pencil being preferably used for the 
facule. Note the vear, month, day, and G. M. T. when the 
outlines of the spots were drawn. Details can now be filled 
into the outlines at leisure. The positions so obtained are 
correctly oriented with regard to the Sun’s apparent N. point. 
The disks may now be employed with the drawings to obtain 
the true heliographic codrdinates of the spots and facule. It 
the cardboard disks are used they can themselves be placed on 
the sketching-board to receive the Sun’s image. Select the 





* Twelfth Report of the Southport Society of Natural Science, 1906-1907 
pp. 29-31. 
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disk with the value for D which gives the whole degree ob- 
tained from the tables in the ‘Companion to the Observatory,” 
draw a horizontal diameter upon it, and to obtain the Sun’s 
apparent N. point proceed according to the preceding instruc- 
tions. Now look out the value P from the tables and turn 
the whole frame accordingly. This operation is facilitated by 
the fact that the disks have upon them graduated ares for 
every degree to 30° N. and S. on each limb. For example, 
let P = + 14°.30 on the day of observation. Turn the frame 
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and board in a clockwise direction until the horizontal diam- 
eter is + 14°.30 below the zero division on the W. limb, and 
correspondingly above it on the E. limb. For negative values 
of P the frame must be turned counter-clockwise. If the linen 
disks are used, they are laid over the completed drawing and 
turned to the proper value of P required as exemplified in the 
annexed ngure. 

Readings of the Positions.—Read off from the disk the ap- 
parent angular positions above or below the Sun’s equator, 
and left (preceding) or right (following) of the central meridian 
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which contains one at least of the Sun’s poles. In estimating 
degrees near the limb allowance must be made for foreshorten- 
ing on the projected image of the solar hemisphere. The values 
of L, the longitude, always increase from E. to W., hence 
angular distances measured eastward or to the right of the 
central meridian are —‘*, those to west or left are +‘*. In 
the accompanying figure, for instance, selecting the spot in 
the s.f. quadrant the disk readings are — 16°.8 south of equa- 
tor and 53°.5 east of central meridian. 

Latitude.—The estimated angular distance N. or S. of the 
equator needs correction in the following manner. The true 
D for the day of observation is expressed in degrees and min- 
utes of are or decimals of a degree, e.g., on the date of the 
illustrating figure D == + 6°.46. But the disks are constructed 
only for degree values of D. It is evident that tor a spot on 
the central meridian a correction of 0°.46, or nearly half a 
degree, the difference between true D and disk D would have 
to be applied to its disk reading to give its true latitude, while 
at the limbs the correction would vanish. For intermediate 
positions the difference between true D and disk D must be 
multiplied by the natural cosine of the angular distance of the 
spot E. or W. of the central meridian. In the case illustrated 
the angular distance is 53’.5. The natural cosine is .59. The 
correction is .46 X .59 or approximately 0°.3, and hence the 
true latitude is —16°.5 South. A _ little consideration will 
show that when disk D is numerically less than true D, then 
for D + ”* the correction to spot positions as read is + ‘*, for 
D — ** the correction is —‘*, spots N. of the equator being +**, 
and south of the equator being —’*. The opposite holds when 
disk D is numerically greater than true D. For instance in 
the present example the disk D + 7° might equally well have 
been employed. 

The rule is— 


True D > disk D f D +¥°* correction +¥* 
‘ \ D —¥*¢ correction —** 


- 4 p J D+" correction —** 
True D < disk D \ D —** correction +%* 


regard being had to the signs of the spot-positions N. +*° 
Ss. —"*. : 

Longitude—First find the longitude of the central meridian 
for the day and time of observation. In the Table L is given 
for Greenwich mean noon at intervals of five days. Interpo- 
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late for interim dates. L must next be corrected for the time 
of cbservation; if the observation be taken before mean noon 
the correction is +*%*, if after mean noon —‘*. Although the 
difference in longitude of the central meridian for an interval 
of 24 hours varies with the time of year, it is sufficiently 
accurate to take 13°.22 as the mean difference in longitude 
24 hours. The following short table will facilitate the 
computation:— 


h 


il 


m n 

0.55. 10 = .082 |= O68. 

2 1.10. 16 = 137 2= .018. 

3 = 1.66. 20 = .183 3 = O28. 

4= 2.20. a0 = 228 4 = .037. 

o = 2.76. St = .245. 5 = .046 
& = 3.30. 35 = .821. 
7 3.85. 40 = .367. 
8 = 4.40. 45 = .412. 
9 = 4.95. 50 — .458. 
10 = 5.50. 55 = .504. 


All that remains after correcting L is to add or subtract 
: > 
the angular value of the spot’s position as read on the disk 
g I 
W. or E. of the central meridian. 
EXAMPLE 1. 
Date of Drawing.—1893, August 9, 9" 37" G.M.T. 
Spot.—s.f. Type IV,,. 
Thus ‘‘Companion to the Observatory’’:— 


D= -+ 6°.46. P.=+ 14°.30. 


L for Greenwich mean noon = 265°.25. 
+ Correction for time of drawing 2" = 1°.10. 
20" = 0°.183 
4™ = 0°.028 

L,, 3" 37° G.M.T, = 266°.56. 


Disk Values.—Disk + 6°. 
Latitude S.—19°.8 Longitude E. — 53°.5 
Latitude:— 

Reading 

Factor for 53°.5 =. 
True D— disk D = + .46. 
Correction = + .46 * .59 
Latitude = — 16.8 + .3 


iI 
| 
~ 
oe 
SL 


Longitude :— 
L for 9° 37™ G.M.T. 266°.56. 
Reading _53°.50. 
Longitude = 213°.1. 


I Il 


(The Greenwich results for the same spot were latitude 
— 16°.1 S., longitude 213°.1.) 
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EXAMPLE 2. 


The nucleus of the leading spot of the great group. Type III,. 
Disk Values. Latitude — 20°.0 S. Longitude W. + 31°.5 W. 
Latitude:— 


Reading — 20°.0$ 
Factor for 31°.5 = .85. 

True D— disk D = + .46. 
Correction = + .46 * .85 = .39 


Latitude = — 20.0 + .4 = — 19°.6S. 
Longitude:— 
L, for 9® 37" G.M.T. = 266°.56. 
Reading = + 31°.50. 
Longitude = 298°.1. 


The process of measurement is made clear from the annexed 
diagram. 





DETERMINACION DE LA HORA Y DE LA LATITUD 
GEOGRAPHICA DE UN LUGAR PAR LA OBSER- 
VACION DE LOS MOMENTOS EN QUE 
EOS ALTURAS DE ALGUNAS ES- 
TRELLAS SON IQUALES*. 





G. O. JAMES, 
FOR POPULAR ASTRONOMY. 


In this catalogue Prof. Obrecht has selected and arranged 
130 pairs of stars suitable for time observations in the south- 
ern hemisphere by the method of equal altitudes, and it may 
be worth while to outline in some detail the method followed 
in the hope that the work of preparing a similar catalogue 
for the northern hemisphere may be undertaken. 

The pairs are arranged in the order of the local sidereal 
time T at which the two stars are at the same altitude h and 
tabulated for each degree of latitude from —O° to —60°, so 
that the pair must convenient to the time of the desired ob- 
servation may be easily selected. The difference in declination 
between the stars of a pair is less than 1° so that they lie at 
approximately the same azimuth east and west, and the cat- 
alogue gives in addition to the altitude h the azimuth a of a 
point on the celestial sphere whose altitude is h and whose 
declination 8 is half the sum of the declinations of the stars 
of the pair, together with the first derivatives 

d’h da 


dt and dt 


—— 


* Por A. Obrecht, Santiago de Chile, 1907. 
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of these quantities with respect to the time. 
It the two stars are observed at the instants T—At and 
T+At their approximate coédrdinates are 


dh 


dt at 


yy = bh, = hoe 


' dt 


da 
A, =act At+v 
dt 


le 
A. = 360° — {a +— at | + 


where v is a correction term independent of the time, whose 
value is tabulated. 
The chronometer correction C, is computed from the formulae 


u 


~ » dh 
dt 
t corr = t obs + k ( I—TI’ ) 
OF + 6 e TT & 
$= 2 t= 2 — 
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coe a 
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T =e tan 6 cot H — e€ tan ¢ cosec H 
aT = Té 4 Te Te , H 
= - -+ * tan cot 

6 3 2 
to + te 
2 


Cc, =a+ T + AT — 


in which 1 and l’ are the readings of the ends of the level 
bubble, u the value of one division of the level in seconds of 
of are, t, and t, the chromometer times of observing the 
western and eastern star. 

The correction AT is generally negligible, but where it is 
appreciable it is tabulated in the catalogue. Obrecht estim- 
ates the precision of the observation as about the same as 
for the instrument in the meridian. 

Compared with a time determination from Polaris and a 
Southern Star* the method is far inferior both in observation 
and computation when made with an engineer’s transit or the- 
odolite, and so far as time alone is concerned the labor of pre- 
paring a special catalogue would not be justified. Its value 
however is due to the fact that the observation of a latitude 
star can be combined with the time observation and value of 





* G. O. James, No. 148, page 475, 1907. 
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the latitude obtained which is independent of the circle read- 
ings and refraction, thus furnishing a method for latitude de- 
terminations second to that of the zenith telescope only. The 
selection of the latitude star—a star having approximately the 
same altitude as that of the time pair but a different declina- 
tion—may be made from a map as suggested by Obrecht, and 
the correction to the approximate latitude is then given by 
the formulae below, the primes referring to the latitude star. 


H. t +C,—a 
Hy = to + Cp — % 
H! t! + C, — a’ 
P. = sin 6 sin @ + cos 6 cos ¢ cos Hy 
P, = sin 6, sin ¢ + cos 6, cos ¢ cos Hy 
P' = sin 6' sin ¢ + cos 6! cos ¢ cos H! 
p P. + P, 
2 
p'—P cos > 


—s sin 1” sin 6—sin 8! 

The precision of the latitude determination is the same as 
that of the time. 

A better method of selecting the latitude star might be the 
following. An Ephemeris star is chosen whose right ascension 
a' and declination 8' are nearly equal to T and 90°—¢-+-8, thus 
crossing the meridian at approximately the time T and at 
nearly the altitude h. If this star is observed on the meridian 
at the time & = a! and altitude h' then the instants at which 
the stars of the time pair lie at this same altitude are given by 


_—h 
dh 
dt 


at = 


H' may then be put equal to zero and 


cos (¢@ — 6')—P cos @ 
Ad = - = ge 
sin 1” sin 6 — sin 6 
Washington University, 
St. Louis, Mo. 
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IS THE UNIVERSE INFINITE? 





OWEN ELY. 





FoR POPULAR ASTRONOMY. 


The question of the extent of the universe is one which can 
only be given a theoretical solution with the means at hand 
today. Omitting consideration of theological discussion, no 
argument has so far been advanced which satisfactorily re- 
solves it. The black rifts in the Milky Way cannot be con- 
sidered as glimpses into starless space, for the light of more 
distant suns may be obscured by great masses of dark gas, 
which we know to exist throughout space. The theory of 
Professor Newcomb, probably the best attempt to solve the 
problem, considers that were the stars infinite in number 
their light would make the whole sky brighter than the 
Sun; for the number of stars increases as their light be- 
comes fainter, in direct proportion—thus the Earth should re- 
ceive an equal amount of light from every sphere of stars 
any number of unit-distances from the Earth. But dark suns 
are thought to be greater in number than those visible, and 
there are likewise vast swarms of meteors and masses of 
floating gases, all of which catch a portion of the light 
which flows from beyond them and prevent it from reaching 
us. There is also to be considered the elasticity of the ether, 
i.e., whether the ether is absolutely perfect as a light-carry- 
ing medium. Thus, since we can make no estimate of the 
amount of light absorbed by bodies in space, and so far 
have not computed the light-carrying power of the ether, 
Professor Newcomb’s method is fallible. 

But a better means, perhaps, would be to consider the 
effect of gravitation in an infinite universe; for, so far as 
we know, the power of attraction is transmitted perfectly 
by the ether and is not hindered by any form of matter in 
space. However distant the stars, they exercise a power of 
attraction over the Earth as surely as does our own Sun. 
Not only do they attract the Earth as a whole, but they 
decrease the power of gravity which holds it together. The 
weight of particles in the Earth is lessened to an infinitesi- 
mal extent by this attraction, just as the Moon lessens their 
weight and causes the phenomena of tides; except that the 
stars, lying on all sides of the Earth, affect it equally on 
all sides. 

To explain this decrease in gravity, take the action of the 
Moon for illustration: its attraction causes a dimunition in 
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. 1 
the force of gravity of 3494000 ©” the nearest part of the 


° ™ . 1 
surface, this figure being the difference between 592 and sa 
(the Earth’s center being 60 radii distant and its surface only 


59), multiplied by 35° the fraction of the Earth’s mass con- 


tained in the Moon. Taking this point as the end of a diam- 
eter passing through the Earth’s center, we find that nearly 
the same decrease is evident at the other end ot the diameter. 
The reason for this fact is that the center being nearer the 
Moon than the farthest side, the Moon tends to pull the near- 


est half away from the farthest. The difference between go, 


1 ‘ ; 
and 612 shows the amount of the disturbance. About midway 
between these points, where the Moon is near the horizon, its 
attraction is both horizontal and vertical, and gravity is in- 


creased about half the amount which it was decreased at the 
other points. So, taking the Earth as a whole, every body in 


. ' 1 1 
space causes a decrease in gravity equal to = | or 
aoa of itself (x = number of radii distant), multiplied by 


the relative mass of the body. 

It cannot be said that the “‘pull’’ of the stars on opposite 
sides of the sky would be mutually counteracting, thus nulli- 
fying the tendency of each to decrease the strength of the 
Earth’s gravity, for, as was shown in the case of the Moon, 
every body causes a nearly similar decrease at both the near- 
est and farthest points of the Earth’s surface. 

Now if it is supposed, as in Professor Newcomb’s method, 
that the stars are infinite in number, and—since the same con- 
siderations of number and effect of distance apply to gravita- 
tion as well as to light—that each section or sphere of stars 
in space exercises an equal attraction for the Earth, each less- 
ening the effect of gravity, there would be exerted on every 
particle of the Earth’s mass an irresistible pull outward from 
the center of the Earth—weight would cease to exist and the 
attraction of the Sun and planets would be ni/J in comparison 
to the strength of that force. As we consider the universe 
boundless, we may imagine any star or point in space as the 
center of it, instead of the Earth, and hence the same condi- 
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tions would prevail everywhere. Since gravity would no longer 
be effective in the Earth or any other body, it is probable 
that all compounds and masses in the universe would be torn 
apart and the indivisible particles strewn through space at 
equal distances from each other. 

Are these conclusions from such a theory justified? What 
other effects would be possible ? 

To concede that our universe is limited in extent is not to 
deny that other vast universes may exist, whose distance trom 
it may be as great compared to the distance from the Earth 
of the farthest star which our telescopes disclose, as that 
distance is to the diameter of the Earth. To consider the space 
outside the suns which shine about us as an empty void, des- 
titute of matter or energy, is unthinkable and contradictory 
to reason. We cannct conceive of absolute nothingness—space 
would no longer exist when there remained nothing to meas- 
ure it by. 

Probability is against the existence of an infinite universe. 
The atom is composed of a number of tinier particles—which 
again may be sub-divisible—but they are not infinite in num- 
ber. A molecule is composed of a definite number of atoms, 
and the number of molecules in any body—a rock, an Earth, 
or a star—is not infinite, though immeasurable. Going higher, 
we see a planetary system or a group of Suns which revolve 
about each other. Is it possible that, a step further, we 
reach a stage where there is an infinite conglomeration of 
like ‘‘particles’’? We cannot use earthly comparisons or 
considerations of size in reflecting that the universe of which 
our Earth is the most infinitesimal particle may be simply 
an atom in the immensity of space. The legions of Suns 
which roam about us may be the floating motes in the 
sunshine in a greater world. 

Perhaps in the future we may obtain better methods and 
new data upon which to base our inquiry as to the uni- 
verse and its extent, and perhaps we may learn how to 
conceive of space—for we cannot imagine infinity in any 
form. For the present we must be satisfied by logic which 


seems to point to a finite universe—but beyond that uni- 
verse we are lost. 


Saint Paul, Minnesota. 
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SOME OPPORTUNITIES FOR ASTRONOMICAL WORK 
WITH INEXPENSIVE APPARATUS.* III. 


GEORGE E. HALE. 





(Conclusion. ) 


I now wish to speak rather more particularly of another 
phenomenon mentioned here the other night, which is peculiar- 
ly adapted for investigation with a small solar image. I re- 
fer to the differences between the spectrum of the center of 
the Sun and the spectrum ot the Sun’s disk near the limb, as 
shown in the next photograph. Here is a spectrum of the 
center of the Sun, and here is the spectrum of the Sun ata 
point a short distance inside of the limb. You will see at 
once the remarkable changes that take place. The broad Hi 
and kK, lines (or bands) are greatly reduced in width; and the 
same thing occurs, I think, in the case of all lines that are 
accompanied by wings. In this region of the ultra-violet many 
of these lines have wings, which are lost or greatly reduced 
near the edge of the Sun. This causes a remarkable change 
in the appearance of the spectrum. Several other curious 
things occur. Not only do these wings change in intensity 
very much, but the central part of the line, which seems to be 
sharply distinguished trom the wings, undergoes a decided 
change of intensity also, so that we find from a preliminary 
examination of the plates that the lines that are strengthened 
in sun-spots are generally strengthened near the edge of the 
Sun, while the lines that are weakened in sun-spots are gen- 
erally weakened near the edge of the Sun. This is true, I 
think, in the great majority of cases. Again, we find another 
curious thing: almost al! of the lines derived from points near 
the Sun’s limb are shifted towards the red in the spectrum 
with reference to lines from the center of the disk. But there 
are some striking exceptions, and one of them is most signif- 
icant: the lines in this fluting of cyanogen are not appreciably 
displaced. As we know from laboratory experiments that 
flutings are not displaced by pressure, whereas lines are thus 
displaced, we seem to have an interesting confirmation of the 
conclusion previously reached by Halm from his visual obser- 





* Monthly Notices, November, 1907. From a lecture delivered at the 
Royal Astronomical Society, London, which Mr. Hale illustrated by means of 
lantern slides. 




















George E. Hale 439 





vations of two lines in the red—that the displacement of these 
lines is to be ascribed to pressure.* 

This investigation is a many-sided one, with applications to 
both solar and stellar phenomena. There is room here tor 
many investigators, who can obtain results quite equal, and 
very likely superior, in value to any we can get at Mount 
Wilson. A large image of the Sun is not required, because the 
effect is very appreciable at some distance from the limb. It 
is also a matter of no importance whether the definition of 
the solar image be good or bad. The one essential point is 
that the spectrograph be fairly powertul, and this is a very 
simple thing to realize at moderate expense. I hope to see 
this subject taken up by several observers, who will determine 
the shifts and the relative intensities of the Fraunhofer lines, 
seek for evidence of periodic changes, and work out an ex- 
planation of these remarkable phenomena which will harmon- 
ize with some explanation of the relative intensities of the 
same lines in sun-spots and in the spectra of stars. 

I may now touch upon another field of solar research, and 
consider the possibility of doing useful new work with the 
spectroheliograph, which is by no means as expensive and 
formidable an instrument as one might suppose. The slide 
shows the first spectroheliograph used on Mount Wilson, be- 
fore we built the more permanent one now employed; and 
since the fact that we did substitute a permanent instrument 
for the temporary one might lead to the inference that the 
former did not give good results, I may add that the photo- 
graphs made with the wooden instrument are even better than 
the later ones. They show only narrow zones of the solar 
surface, but for sharpness they have never been surpassed.+ 

There is a rectangular wooden platform here mounted on a 
pier. At each corner of the platform was screwed a small 
cast-iron block, in which a V-shaped groove had been planed. 
In each groove was a steel ball. A moving platform, also 
built of wood, carried the optical parts of the spectrohelio- 
graph and rested on these balls, so that it could be moved 





* This conclusion is further confirmed by the fact that lines of a given 
element, which exhibit unequal displacements at a certain pressure in the 
laboratory, in general show corresponding displacements near the Sun’s limb. 
It remains to be seen, however, whether some other hypothesis may not be 
equally capable of accounting for the observed phenomena. 

+ In the 5-foot spectroheliograph now employed, the dispersion is great 
enough for photography with the hydrogen as well as the calcium lines. For 
this reason the exposures are longer, and the definition somewhat less perfect 
though quite satisfactory for practical purposes. 
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across the image of the Sun (formed by a ccelostat telescope). 
The motion was produced by a small electric motor, belted 
with a piece of fish-line to this large wooden pulley, which 
drove a screw passing through a lead nut fastened to the 
movable platform. The screw was cut on a foot lathe and 
the nut cast on it. This simple mechanism provided the means ot 
producing a slow uniform motion of this upper platform across 
the image of the Sun. The arrangement of the optical parts 
was precisely the same as in the Rumford spectroheliograph. 

The next slide shows some photographs taken with the per- 
manent instrument. Such photographs as these made with the 
calcium and hydrogen lines, open up for investigation a large 
field, which anyone can enter with just such an equipment 
as I have described—a very simple instrument, with small 
prisms and lenses, and built almost entirely of wood. 

I will show you in the next photograph some pictures 
obtained with the wooden instrument. You will notice that 
in this case the motion was not absolutely uniform; you 
can detect the slight irregularity of motion, but it did not 
affect the usefulness of the negatives. This is a direct photo- 
graph of the Sun; this is made with the Hj; line of calcium, 
and this is the same region as photographed with the H: 
line of calcium. If somebody would go to work with such 
an instrument and let us know exactly what such _ photo- 
graphs as these mean, they would at least confer a very 
great favor upon me, because hitherto I have been unable 
to determine the relative parts played by the continuous 
spectrum of the facule and the light of the line H; line of 
calcium in producing the photographs. That question is 
still open, and many investigations will be required to set- 
tle it beyond doubt. 

In this Hz. photograph we probably have a picture of the 
calcium vapor at a higher level than the level represented 
by the H, plates. You see, for example, this bridge of cal- 
cium vapor across the spot, which is not shown by Hi. 
Many investigations of great interest could be carried on 
with such a spectroheliograoh as I have described. I wish 
I had time to go into them; there is only one I may men- 
tion, and that is the comparison of the calcium and the 
hydrogen images. 

I might mention various other methods of employing 
spectroheliographs, and I may remark in passing that with 
a Littrow spectrograph, or any long focus spectrograph, and 
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a fixed solar image, one can undertake other work of vari- 
ous kinds, such as a determination of the solar rotation, 
along some such plan as Dunér or Halm followed, but using 
different lines in the spectrum, and benefiting from the advan- 
tages of photographic methods. In all such work, coépera- 
tion with other investigators is greatly to be desired, be- 
cause it might otherwise frequently happen that two men 
would be doing the same thing, whereas it would be just 
as easy for them to supplement each other’s work instead 
ot duplicating it. 

One other phase of the subject which I should like to have 
time to discuss, but cannot, is that of stellar spectroscopy. 

I might go on to speak of the possibilities of work on 
variable stars, but they are familiar to most of you. The 
observation of many wide double stars, my friend Burnham 
tells me, has been neglected since the time of Herschel, be- 
cause the large instruments, and even the small ones, have 
been devoted to closer objects, so that in revising his great 
catalogue Burnham had to measure with the 40-inch a 
great many wide doubles which had not been looked at 
perhaps since Herschel discovered them more than a century 
before. Important double-star work is always open to men 
with small instruments, if a micrometer is available. 

Then I might go on to the case where a man has no 
telescope at all, and still wants to make contributions to as- 
trophysics. I do not now speak of such splendid work as 
Anderson did when he discovered Nova Persei with the 
naked eye; but if one were convinced that the overcast sky 
of London would never open again, he could still work in 
his laboratory and make important contributions by identi- 
fying lines and bands in spot spectra, as Professor Fowler 
has been doing of late, or by researches in a score of other 
fields. 

I will close with a few practical sugyestions. One refer- 
ence to the matter of atmosphere. I have often been strong- 


ly impressed (since my work in Chicago) with the belief 


that a smoky atmosphere has some advantages in astro- 
nomical work, for it seems that the seeing is frequently im- 
proved in solar observations when the sky is smoky. It is 
perfectly possible to get good good results anywhere, pro- 
vided sufficient care is taken. One must consider, for ex- 
ample, the best time of day for solar work. It usually hap- 
pens that the best definition of the Sun occurs in the early 
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morning and the late afternoon. Mr. Newall tells me that 
this is as true at Cambridge as it is at Mount Wilson. 
This is worth looking into if one takes up work on _ the 
Sun. Further, one must have a definite plan of work. This 
is of prime importance. Devote your entire attention to a 
single investigation, involving, if possible, two or three par- 
allel series of observations, so devised as to throw light on 
one another. Frequently the value of a given series ot ob- 
servations may be enormously enhanced if other observations 
are available to aid in their interpretation. For example, in 
studying the spectra of sun-spots, the character of the spots, 
their motions, and changes of form, and the distribution of 
the flocculi in their neighborhood, may be vital factors in 
interpreting the spectroscopic phenomena. Then, again, there 
is the great possibility that new methods and new _ instru- 
ments can be applied. Up to the present time I think the 
interferometers of Michelson or of Pérot and Fabry have 
never been systematically employed for work on the Sun: 
that admirable method which Fabry is using at the present 
in the determination of absolute wave-lengths would perhaps 
be very useful indeed if applied to the measurement of the 
displacement of solar lines at the center and at the limb. 
I also believe that the echelon spectroscope has never been 
used for the observation of the narrow bright lines in the 
chromoshpere. Furthermore, we are always confronted by 
the possibility of perfecting our optical apparatus. I have 
been trying for years to get good prisms of large size, but 
cannot get homogeneous glass, and therefore it now seems 
necessary to attack the problem of fluid prisms. 

I hope I have shown that it is possible not merely to do 
work of an inferior quality, but to do work of the first 
quality, with small or inexpensive instruments; work that 
cannot be duplicated or will not be duplicated with large 
instruments; in other words, that there is a_ splendid field 
for any man who wishes to accomplish results, wherever he 
may be situated, and however simple his means of research 
may be. I feel so strongly on this subject that I hope the 
suggestions I have made will not be entirely without effect. 
We need the ideas of men from all parts of the world; we 
need the contributions they can make; and we need them 
even more than we need larger instrumental means than we 
now possess. 
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PLANET NOTES FOR SEPTEMBER AND OCTOBER, 1908. 


H.C. WILSON. 


Mercury will be at greatest elongation, east from the Sun 25° 34’, on 


Oct. 4. It will not be very conspicuous at this time, having only about half 
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.9UTM Mentzom 
THE CONSTELLATIONS AT 9:00 P. M., OCTOBER 1, 1908. 


of its maximum brilliancy. On Oct. 28 the planet will be at inferior conjunc- 
tion. 

Venus will be brilliant as morning star during these two months, decreasing 
slowly from 163 to 91 on the scale of brightness used in the Nautical Alman- 
ac. Venus will be at greatest elongation, 46° 2’ west from the Sun on Sept. 
14. Venus and Jupiter will be in conjunction on the morning of Oct. 13. 
At 10 a.m., Central Standard time on that date the two planets will be only 


Week HOR. TON 
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36’ or a little more than the Moon’s diameter apart, Venus being south of 
Jupiter. 

Mars will be in aphelion Sept. 20 and will be too near the Sun for satis- 
factory observation during these months. 

Jupiter is morning star with Venus and will be too near the Sun for study 
during September. In October he will be far enough out from the Sun's rays 
to be observed for a short time in the morning. 

Saturn will be at opposition Sept. 29 and in fair position for observation 
during the two months. The inclination of the plane of the rings to the 
line of sight from the earth is 7° 10’ on Sept. 1 and decreases to 5° 14’ on 
Nov. 1. 

Uranus will be at quadrature, 90° east from the Sun, Oct. 6, and so may 
be studied with the aid of a telescope in the early evening. Uranus will be 
stationary in right ascension on Sept. 22 and after that will move slowly 
eastward. 

Neptune will be at quadrature, 90° west from the Sun, Oct. 10. Neptune 
will be stationary in right ascension, 7" 13™ 48% on Oct. 20 and after that 
for the rest of this year its motion will be very slowly westward. The dec- 
lination of Neptune on Oct. 20 will be north 21° 35’. The planet is in the 
constellation Gemini a little way southwest from the star 6. 





Occultations visible at Washington. 
IMMERSION. EMERSION. 


Date Star's Magni- Washing- Angle W ashing- Angle Dura- 
1908 Name tude. ton M.T. ff'm N. ton M.T. f'm N tion. 
h m ai h m ° h m 

Sept. 6 B.A.C. 6814 6.3 6 35 137 7 24 216 O 49 
7 27 Capricorni 6.1 12 50 97 13 45 218 0 55 

9 BD. —11°,6032 6.3 15 O4+4 92 18 57 210 O 53 

10 30 Piscium 4.7 9 18 30 10 15 273 0 57 

10 338 Piscium 4.7 iit 02 62 is 27 232 1 15 

12 Piazzi I, 249 6.5 17 38 57 18 45 251 1 07 

13 85 Ceti 6.3 8 O09 70 9 01 243 O 52 

14 Mayer 121 6.4 9 02 83 9 52 233. O 50 

14 Mayer 136 5.9 18 O7 Ad 19 17 279 1 10 

16 Piazzi v, 184 6.5 17 58 55 19 20 287 i es 

18 58 Geminorum 6.0 14 11 125 15 01 224 O 50 
Oct. 9 Lalande 2632 6.5 9 47 14 10 38 280 oO 51 

9 v Piscium 4.6 18 14 46 19 03 270 0 49 

10 25 Arietis 6.5 13 44 16 14 42 281 0 58 

13 n Tauri §.1 16 38 75 265 1 25 

14 3 Geminorum 5.6 13 14 124 209 0 53 

14 9 Geminorum 6.2 18 10 30 331 O 42 

16 uw! Cancri 6.2 18 30 84 304 1 25 

19 i Leonis 5.8 17 15 52 352 0 42 

27 B.A.C. 5436 6.2 1 +47 74 310 1 05 








Saturn’s Satellites. 


I Mimas. Period 0° 22.6. 
h h 


h h 
Sept. 3 149W  Sept.i6 8OE Sept. 30 11.2E Oct.16 11.7E 
4 13.5 W 17 66E Oct. 1 98E 17 10.3E 
5 12.1 W 19 16.3 W 2 85E 18 89E 
6 10.7W 20 13.9 W 5 15.7 W 19 T75E 
7 93W 21 12.6 W 6 14.4 W 23 13.4 W 
8 7.9 W ae 21.18 7 13.0 W 24 12.0W 
11 15.0E 23 9.7 W 8 11.6W 25 10.6 W 
12 14.6E 24 8.4 W 9 10.2 W 26 9.2W 
13 12.2E 25 7.0 W 10 8.8W 27 7.9W 
14 10.8E 27 15.4E 11 7.4W 28 65 W 
15 94E 28 14.0E 14 14.5E 31 13.6E 
29 12.6E 15 13.1E 
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Sept. 








Sept. 


Sept. 


Sept. 


Sept. 


Aug. 
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Ornaowcwt 


6 


10 
12 
14 


6 
10 


LoD 


| oe cd 


oe 


NDS Pm HE HES 
FOND OrPNM WH O-) 


Leo) 


fev coll eo cod criev c7k cr ners c7) 


— 


4.4E 
17E 
23.0 E 
20.3 E 
17.6 E 
14.9 E 
12.2 E 
9.5 E 
10.4 E 
4U0E 


21.7 E 
15.3 E 
9O0E 


12.5E 
O.8 E 
13.2 E 


8.6 [ 


4.8 W 


0.58 


6.0 I 


10.4 W 


25.98 


Il Enceladus. 


Sept.16 2.3E Oct. 1 40E 
17 11.2E 2 12.8E 
18 20.1 E 3 21.78 
20 4.9 E 5 6.6 E 
21 13.8E 6 15.5 E 
22 22.7E 8 O3E 
24 T7.6E 9 9.2E 
25 16.4E 10 18.1E 
27 1.3E i2 380E 
28 10.2E 13 11.9E 
29 19.1 E 14 20.7E 
III Tethys. Period 14 215.3. 

Sept.16 6.8E Oct. 1 9.1£E 
18 4.1E 3 6.4 E 
20 1.3eE 5 3.7E 
21 22.6E 7 #10£E 
23 19.9E 8 22.3E 
25 17.2E 10 19.5E 
27 145E 12 16.8 E 
29 11.8E 14 14.1E 
IV Dione. Period 2¢ 17*.7. 

Sept.17 2.6E Oct. 3 12.5E 
19 20.3 E 6 62E 
22 13.9E 8 23.82 
25 168 11 17.5E 
28 12E 14 11.1E 
30 18.9E 17 4.8E 
V Rhea. Period 49 125.5. 

Sept. 15 15E Oct. 38 28E 
19 13.8E 7 15.1 E 
24 2.1E 12 3.5 E 
28 14.5E 
VI Titan. Period 154 23".3. 

Sept.16 3.1E Oct. 2 O6E 
20 6.2 I 6 3.71 
24 2.4 W 10 0.0 W 
2i Zanes 13 19.65 


VIL Hyperion 
Sept. 


VIII LIapetus. 
Sept. 


Period 14 8,9» 


Period 21° 7".6. 


14.95 Oct. 1.6 W 
21.1 E 6.1 S$ 
27.21 12.3E 


Period 79% 22.1. 


14.2 E Oct. 4.2 I 





VARIABLE STARS. 


Its position is 


a = 6°27"50° 5 


+59° 59’ 
631 51 +59 57 
The following estimates of its photographic brightness are given in A.N. 


Oct. 16 5.6E 
17 14.5E 

18 23.4 E 

20 8.2E 

21 17.18 

23 2.0E 

24 10.9E 

25 19.8 E 

27 4.6 E 

28 13.5E 

29 22.4 E 

31 7.3E 
Oct. 16 11.4E 
18 8.7 E 

20 60E 

22 3.3E 

24 O6E 

25 21.9E 

27 19.2E 

29 16.5 E 

31 13.8E 
Oct.19 22.5 E 
22 16.1E 

25 98E 

28 35E 

30 21.1E 
Oct. 16 15.8 E 
21 4.1E 

25 165E 

30 48E 
Oct.17 22.1 E 
22 «(1.81 

25 216W 

29 17.28 

Oct. 8.4 I 
22.8 W 

27.38 
Oct. 24.0 W 
5 by Mme. 


New Variable 9.1908 Lyncis.—This was found on May 

L. Ceraski of Moscow. 
1855.0 

1900.0 





4.4.6 Variable Stars 





Mag. Mag. 
1906 Jan. 28 11.5 1907 Feb. 10 10.2 
Feb. 17 11.8 Mar. 5 11.3 
Mar. 29 <12 (invisikle) 6 11.3 
April 16 <12 % April 7 <12 (invisible) 
~ ao <2 - 1908 Mar. 30 9.0 


Apparently the period is 13 or 14 months or half of that interval. 





New Variable 10. 1908, Lacertae.—In A.N. 4251 Prof. W. Ceraski 
announces another variable discovered by Mme. Ceraski upon the Moscow 
photographs May 12. Its position is approximately 

1855.0 a = 22506749" 6 = +43° 03’ 

1900 0 2208 41 +43 16 
Judging from about 30 photographs obtained between 1898 and 1907, the 
brightness varies from 9.5 to 11.5 magnitude. The period is long, some 
months, or the variable is irregular. 





New Variable 11. 1908, Orionis.—This was discovered on May 17 
by Mme. Ceraski on the photographs taken at Moscow. Its position as giv- 
en in A.N, 4252 is 

1855.0 a= 6°18"57*.01 6=+14° 44’ 30.7 

1900.0 616 31.05’ +13 43 30.8 
The star is BD+14° 1259 (8.5) and is found in the Leipzig A.G. catalogue. 
From 29 photographs taken between 1896 and 1908 it appears that the 
magnitude varies between 8.3 and 9.0 and that the period is probably short. 





Minima of Variable Stars of the Algol Type. 





[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours. Alternate 
minima are given this month.] 


U Cephei RU Persei RZ Cassiop. RT Persei RT Persei 
d h d h d h d h d h 
Sept. 3 10 Oct. 1 18 Oct. 23 17 Sept. 11 8 Oct. 27 4 
8 9 15 11 26 3 13 0 28 21 
13 9 29 5 28 12 14 17 30 14 
18 9 31 21 16 10 
23. «8 RZ Cassiop. RX Cephei 18 3 . 
28 8 Sept. 1 3 gept. 4° 19 ee Hae 
Oct. 3 7 312 Oct 7 38 ae 2 S 
” ez of ° : ‘ = 3 
8 7 5 22 23. «5 17. 2 
is 7 8 7 __. Algol 24 22 % 0 
18 6 10 17 Sept. 2 0 2615 on “9 929 
23 «6 13 2 4 21 27 '™ 1 
28 6 15 11 10 15 30 0 ; 
, , 17 21 16 8 Oct. 1 17 = 2 
Z Persei ‘ . 22 2 ‘ ¢ 26 15 
: gel 20 6 3 10 
Sept. 3 23 292 15 27 20 5 2 
= 25 1 Oct. 3 13 6 19 RW Tauri 
ae 27 10 9 4 8 12 Sept. 1 22 
= 3 29 20 15 1 10 5 7 11 
28 10 te 20 18 2 ‘ 
Oct. 412 2% 2 5 20 1s 11 22 13 0 
46 48 4 14 26 12 13 14 18 13 
16 18 . < RT Persei 15 7 24 #1 
22 21 9 9 Sept. 1 38 17 0 29 14 
on 38 11 18 2 20 18 17 Oct. 5 8 
14 3 4 13 20 9 10 16 
RU Persei 16 13 6 5 22 2 16 5 
Sept. 4 7 18 22 7 22 23 19 21 18 
18 0 a ¢s 9 15 25 12 27 7 
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Minima of Variable Stars of the Algol Type.—Continued. 








RV Persei 


RU Monoc. 


Y Camelop. 


RR Velorum 


U Ophiuchi 


d h d h d h d h d h 

Sept. 2 11 Sept. 13 20 Sept. 28 16 Oct. 23 20 Sept. 21 6 
6 10 15 15 Oct. 5 7 27 13 22 22 

10 9 17 10 11 21 31 6 24 14 

14 7 19 5 18 12 SS Carinz 26 : 7 

18 6 21 0 25 3 Sept. 2 6 27 23 

22 5 22 19 31 17 8 21 29 15 
263 24 14 RR Puppis 15 11 Oct. 1 7 
30,2 26 9 Sept. 6 18 3 - 

Oct. 4 1 28 4 19 15 28 16 4 16 
ee 29 23 Oct. 2 11 Oct. 5 7 6 68 

11 ated Oct. 1 18 15 8 11 21 8 0 

= a 3 . 28 «5 i8 11 2 . 

= < 7p +2 25 2 a 

23 19 , 2a Se = an 13 1 

27 17 =. ae ; 14 17 

31 16 10 17 4.1 __ SLibre 16 10 

RW Persei 12 12 7 7 . 18 2 

ra 9 21 5 16 

Sept. 11 16 14 ‘ 12 19 10 8 19 18 
16 2 . = 21 10 

Oct. 8 1 17 21 15 17 14 23 - 8 
RS Cephei 19 16 18 14 19 15 D4 19 
Sept. 11 4 21 11 21 12 24 7 26 11 
Oct. - 0 23 (CG 24 10 28 22 28 4 
30 21 26 (1 27 8 Oct. 3 14 29 20 

RW Geminorum 26 20 30. 6 8 6 31 12 
Sept. 5 298 15 Ott: 3.464 12 22 Zz Herculis 
8 19 30 10 6 ‘ 17 13 : la — 

14 12 ; 8 23 22 5 Sept. 4 2 

20 «6 R Canis Maj. 11 21 26 21 8 2 

25 23 Sept. 1 14 14 19 31 12 . 6S 

Oct. , if 3 21 17 17 U Corone ns “6 
7 10 6 3 20 14 Sept. 2 13 54 (1 

13 4 8 10 23 12 911 oe “2 1] 

18 21 7 = a ” = 2 Sa 4 

24 15 2 2: 29 23 6 

30 9 19 65 S Cancri 30 4 4 : 

RW Monoc. 17 12 Sept. 1 16 Oct. 7 1 18 0 
Sept. 2 21 5 20 16 13 23 22 «(0 
6 17 a 1 Oct. 9 15 20 21 2 0 

10 12 = “a 28 14 27 18 30 0 
14 8 a <3 S Velorum R Are ieee ache 
18 3 oy “2 72 Sept. 4 16 Sept. 4 6 7. —— 

21 23 * 8 40 16 13 sae F it 

25 18 5 16 28 10 21 23 137 

29 14 7 94 Oct. 10 7 30 19 is 3 

Oct. 3.49 10 ye 22 4 Oct. 9 16 99 23 
7 #& 12 12 RR Velorum 18 12 27 19 

ll 0 14 18 Sept. 1 22 27 9 oct 2 15 

14 20 7 (1 5 15 UOphiuchi *“" yy 

18 15 19 9 8 Sept. 1 8 127 

22 11 21 14 13 1 2 19 17 3 

= 23 20 = = ie 21 23 

“ 26 3 20 11 $s 26 19 

RU Monoc. 28 9 24 4 7 20 31 15 
Sept. 1 7 30 16 oT 21 9 12 ; 
3 2 Oct. 1 14 11 4 V Serpentis 

4 21 Y Camelop. 5 7 12 21 Sept. 2 10 

6 16 Sept. 2 5 9 O 14 13 9 8 

8 11 8 20 12 17 16 5 16 6 

10 6 15 11 16 10 17 21 23 3 

a ae | 20 3 19 14 30 1 
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Minima 
V Serpentis 


d 
6 
13 
20 
27 


Oct. 


h 
23 
21 
19 
16 


RX Herculis 


Sept. 


7 oR BO) ho 


Oct. 


16 
18 
19 
21 
23 
25 
26 
28 
30 


20 
14 


mt DD 
Raab o 


to 
o 


15 


4 
+o] 


15 
10 

+ 
23 
18 
12 


of Variable Stars of the Algol Type.—Continued. 


SX Sagittarii 
d h 
Sept. 2 5 
6 9 
1) 12 
14 16 
18 20 
22 23 
es 
Oct. az ¥ 
5 10 
9 14 
13 18 
az 21 
22 1 
26 5 
30 9 
RR Draconis 
Sept. 2 10 
& 38 
13 18 
19 10 
= 62 
30 18 
Oct 6 10 
12 1 
ie 27 
23 9 
29 1 


U Scuti 


Sept. J 3 


> = 
4 22 
6 20 
8 18 
10 16 
12 14 
14 12 
i6 10 
is 7 
20 5 
22 3 


Sept. 


Sept. 


Oct. 


Sept. 


Oct. 


U Scuti 
d h 
24 1 
25 23 
27 21 
29 18 
1 16 
3 14 
» I2 
7 10 
9 8 
11 5 
13 3 
15 1 
16 23 
18 21 
20 19 
22 16 
24 14 
26 12 
28 10 
30 68 
RV Lyre 
3 7 
sO i2 
: i ae kg 
24 21 
2 2 
9 7 
26 if 
23 16 
30 21 
U Sagittae 
3 13 
10 7 
a 2 
23 20 
30 14 
7 8 
14 3 
20 21 
2i 6d 


SY Cygni 


d h 
Sept. 3 10 
15 11 
27 11 
Oct. 9 11 
21 12 
2i 12 

WW Cygni 
Sept. 3 23 
10 14 
iz 66 
23 21 
30 12 
Oct. 7 #3 
13° «18 
20 10 
27 #1 

SW Cygni 
Sept. +4 7 
os at 
22 14 

Oct 1 18 
10 21 
20 1 
29 4 

VW Cygni 
Sept. 1. ti 
18 8 

Oct. 5 5 
22 1 

UW Cygni 
Sept. 4 0O 
10 22 

17 20 

24 17 

Oct. 1 15 
8 13 

15 10 

22 8 

29 «626 





W Delphini 





d h 
Sept. 3 8 
12 22 
22 13 
Oct. 2 4 
11 18 
21 9 
31 0O 
RR Delphini 
Sept. 3 0 
12 5 
21 9 
30 14 
Oct. 9 19 
19 O 
28 5 
VV Cygni 
Sept 1 8 
4 7 
7 6 
10) 5 
13. 4 
16 3 
19 2 
22 1 
25 O 
2% 22 
30 21 
Oct 3 20 
6 19 
9 18 
12 17 
15 16 
18 15 
21 14 
24 12 
27 11 
30 10 
UZ Cygni 
Oct. L if 


Maxima of Variable Stars of Short Period not of the Algol Type. 


Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 


RW Cassiop. 


(—5 19) 
Sept. 2 7 
a7 62 

Oct. 1 22 
16 17 

31 12 

RX Aurige 

(—4 0) 

Sept. 2 16 
14. 7 

25 22 


RX Aurigze 


d h 

Oct. 713 
19 + 

30 19 

Y Aurige 

(—0© i8) 
Sept. 2 13 
6 10 

10 6 

14 3 

18 O 

21 20 

25 17 


Sept. 
Oct. 


Y Aurige 


da 
29 
3 


‘ 
11 
15 
18 
22 
26 


30 


T Monoc. 


(—7 


Sept. 


11 


h 
13 
1 


NOSCW=10 


2 
1 
13 
10 


23) 


12 


Oct. 


Sept. 


Oct. 


T Monoc. 


d h 
Ss i2 


W Geminorum 
“os 

13 O 

20 22 

28 20 

6 18 

14 16 

22 14 

30 12 


¢ Geminorum 











1 h 

(—5 0) 
Sept. 10 1 
20 5 

30 8 

Oct. 10. 22 
20 16 

30 19 

RW Camelop. 

(—9 12) 
Sept. 14 0 
Oct. 6 7 
28 13 
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Maxima of Variable Stars of Short Period not of the Algol Type | 
Continued. 
V Carine R Crucis S Triang.Austr. Y Ophiuchi U Aquilz 
d h d h d h d h d h 
(—2 4) (—1 10) (—2 2) (—6 5) (—2 4) 
Sept. 1 22 Sept. 5 7 Sept. 6 7 Sept. 11 6 Sept. 6 13 
8 14 11 3 12 15 28 9 13 14 
15 6 16 22 18 22 Oct. 15 12 20 15 
21 23 22 18 25 «6 W Sagittarii 27 15 
28 16 28 14 Oct. 1 14 —- = of 4 
Oct. S § Oct 4 19 7 22 Sept. 5 13 11 16 
12 1 10 6 14 5 13 3 18 17 
18 18 16 1 20 13 20 18 25 17 
25 10 = re 26 21 28 8 U Vulpecule 
T Velorum oe SNorme Oct. 5 22 oe (—2 3) 
(—1 10) i es (—4 10) 13 12 ‘Sept. 5S @ 
Sept. 1 17 sis tet. 6 21 3 pe z 
so oe «FB a 28 1% - «€ 
15 15 12 14 Oct. “3 12 % ecuptnane Oct. 5 
20 6 =e a ee ae 15 5 
24 22 16 23 23 1 Sept. . 14 23 4 
‘ ¢ 21 16 ini 9 8 31 4 
2S 13 26 19 RVS re 16 3 : 
Oct. 4 4 7 eg 20 22 SU Cygni 
8 20 Oct. 1 x (—1 10) 20 -- 2 
13 11 5 18 Sept. 5 12 26 16 Sept. 1 21 
ae 10 10 11 14 Oct. 2 A 5 17 
— 15 3 1i 15 8 5 . an 
os 19 19 23 17 14 O 13 10 
2% »® 24. 12 29 18 19 18 17 6 
W Carine 29 4 Oct. 5 20 25 13 2 «3 
S a - 12 31 31 8 24 23 
ept. eee 7 93 oA Ae “ < 2 
, 5 13 . age td “0 U Sagittarii 28 19 
9 22 Sent . + 30 a (—2 23) Oct. 2 15 
1467. pt. 10 13 ‘ < Sept. 1 2 6 12 
18 16 16 O RV Ophiuchi i 20 10 8 
23 «(1 21 12 Minimum. 1 * 14 14 4 
27 10 27 +o Sept. 1 13 = 6° 18 «1 
et. 1 8 ‘ £ 5 6 <5 < “4 eg | 
Oct .. « Oct. ; = g 29 Oct. 4 19 25 17 
10 12 13 12 12 15 11 13 29 14 
14 21 19 O 16 7 “2 : 7 Aquilae 
19 6 24 11 20 60 a 1 (—2 6) 
23 15 29 23 23 16 31 19 Sept. 7 23 
28. 0 27 «9 @ Lyra 15 3 
S Musee R Triang. Austr. 0¢t- _. (—3 7) a 
(8 14) (—1 0) je . 2 = 29 11 
Sept. 2 0 Sept. 2 9 8 10 Sept. 3 9 Oct. 6 15 
11 16 5 18 12 3 10 1 13 20 
21 8 9 4 is 9 16 7 20 24 
Oct. 1 O 12 13 19 12 22 23 28 4 
10 16 15 22 23. 4 29 5 S Sagittae 
20 «7 i9 8 26 21 Oct. 5 21 (—3 10) 
29 23 23 i7 30 13 12 3 Sept. 3 4 
T Cruci 26 2 . Sagittarii 18 19 11 14 
ai eS 291100 ee aa) 25 1 19 23 
Sept. 7 11 Oct. 2 21 Sept. 4 6 311% 28 8 
14 + 6 6 11 7 «x Pavonis Oct. 6 1% 
20 22 9 16 is 7 (1.7) 15 3 
27 16 13° 1 25 7 Sept. 8 7 23 12 
Oct. 4 9 16 10 = Oct. - 8 17 9 X Vulpecul 
11 3 19 20 9 8 26 12 ia tt 
17 «620 23 «5 16 8 Oct > 14 Sept. 5 19 
24 14 26 14 23 «8 14 16 2 = 
31 7 30 0 30 9 23 18 18 10 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


Continued. 
X Vulpecule TT Vulpeculae VY Cygni 5 Cephei RS Cassiop, 
d h d h d h d h a h 
Sept. 24 18 Oct. 26 12 | (—2 14) Oct. 17 18 (—t =) 
, ae 2 4 30 23 Sept. 1 10 23 3 Sept. 3 21 
7 9 9 7 28 11 10 4 
13 17 WZ Cygni 17 4 16 11 
20 «OO Minimum 25 O V Lacertae 22 18 
‘ Sept. 1 4 Oct. 2 21 (—O 17) 29 = 1 
ae Sl Ue 10 18 Sept. Hi Oct. 5 8 
. iz 18 14 é 11 15 
— 4 16 26 11 11 17 17 23 
Sept. 2 13 5 20 VZ Cygni me os 24 66 
Oct. 10 8 7 O (—2 12) aoe 30 13 
S Sr 4 — = 26 15 RV Cassiop. 
X Cygni 9 g Sept. 3 10 Oct. 1 15 (—7 10) 
(—6° 19) 10 12 8 10 6 15 Sept. ¢ 7 
Sept. 2 1 11 17 13° 4 11 14 19 11 
18 10 12 21 18 4 16 14 Oct. 1 14 
Oct. 4 19 14 1 22 21 21 13 13 18 
21 4 16 5 27 21 26 13 25 21 
16 9 Oct. 2 He 31 13 Y Lacertae 
i iz 123 ¢ 1s . (—1 10) 
ae ae 24 23 . a X Lacertae Sept. 4 18 
Sept. 3 7 27 «3 17 8 Minimum & 2 
7°17 27 «7 22 2 Sept. 5 17 13 9 
12 4 28 11 a 63 11 4 17 17 
16 14 29 15 5 Cephei 16 14 22 0 
21 Oo 30 19 Sept. 4 19 22 1 26 8 
25 11 31 23 10 4 27 12 Oct. 1 15 
29 21 15 13 Oct. 2 22 5 23 
Oct. 4 8 TX Cygni 20 22 8 9 10 7 
8 18 Sept. 6 13 26 7 13 19 14 14 
13. «C*# 21 % Oct. 1 15 19 6 18 22 
17 15 Oct. 6 O 7 O 26 16 23. «5 
22 2 20 18 12 9 30 63 27 i3 
31 20 





Approximate Magnitudes of Variable Stars on August 1, 1908. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R.A. Decl. Magn. Name, R.A. Decl. Magn. 
1900. 1900. 1900. 1900. 
h m nd . h m 

TAndrom. O 17.2 +26 26 <11.8 T Urs. Maj. 12 31.8 +60 2 10.37 
T Cassiop. 17.8 +55 14 8.5 R Virginis 33.4 + 7 32 91d 
R Androm. 18.8 +38 1 47.67 RS Urs. Maj. 34.4 +59 2 13.37 
U Cassiop. 40.8 +47 43 12.6d S Urs. Maj. 39.6 +61 388 8.317 
Ww Cassiop. 49.0 +58 1 8.87 RU Virginis 42.2 + 4 42 9.0d 
SCassiop. 1 12.3 +72 5 = 9.3d U Virginis 46.0 + 6 6 11.5d 
Z Cephei 2 12.8 +81 13 9.57 RT Virginis 57.6 + 5 43 9.0 
T Camelop. 4 30.4 +65 57 11.5d V Virginis 13 22.6 — 2 39 13.57 
RaAurigae 5 9.2 +53 28 12.8d T Urs.Min. 32.6 +73 56 12.87 
S Camelop. 30.2 +68 45 9.0 R Can. Ven. 44.6 +40 2 12.0 
R Lyncis 53.0 +55 28 13.8 Z Bootis 14 1.7 +13 59 12.1d 
Y Draconis 31.1 +78 18 9.8d U Urs. Min. 15.1 +67 15 10.47 
R Urs. Maj. 10 37.6 +69 18 8.57 Z Virginis 5.0 —12 50 13.8d 
R Comae 11 59.1 +19 20 8.5 S Bootis 19.5 +54 16 11.8d 
T Virginis 12 9.5 — 5 29 11.37 RS Virginis 22.3 +5 8 13.0 
SS Virginis 20.1 + 1 19 7.5 V Bootis 25.7 +39 18 9.07 
T Can. Ven. 25.2 +32 3 10.2d R Camelop. 25.1 +84 17 12.0d 
Y Virginis 28.7 — 3 52 12.3d R Bootis 32.8 +27 10 7.07 
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Approximate Magnitudes of Variable Stars on Aug. 1, 1908—Con. 


Name. 


V Librae 

U Bootis 
RT Librae 
T Librae 

Y Librae 

S Librae 

S Serpentis 
S Coronae 
RS Librae 
RU Librae 
X Librae 

S Urs. Min. 
U Librae 

Z Librae 

R Coronae 
X Coronae 
R Serpentis 
V Coronae 
R Librae 
RR Librae 
Z Coronae 
RZ Scorpii 
Z Scorpii 

R Herculis 
RR Herculis 
U Serpentis 
X Scorpii 
W Scorpii 
RX Scorpii 
RU Herculis 
R Scorpii 

S Scorpii 

W Coronae 
W Ophiuchi 
V Ophiuchi 
U Herculis 
Y Scorpii 
SS Herculis 
T Ophiuchi 
S Ophiuchi 
W Herculis 
R Draconis 
RR Ophiuchi 
S Herculis 
RV Herculis 
R Ophiuchi 17 
RT Herculis 
Z Ophiuchi 
RS Herculis 
RU Ophiuchi 
RS Ophiuchi 
RT Ophiuchi 
RY Herculis 
V Draconis 
T Herculis 
W Draconis 
X Draconis 
RY Ophiuchi 
W Lyrae 
SV Herculis 
T Serpentis 


15 


18 








h 
14 


R. A. 


1900. 


m 

34.8 

49.7 
0.8 


St Nee ee 
od af ahd 94 ag 4 
PIMNWOaHS 


a 
Go 
~ 

= 


~ 
~ 


(>) Bo) Be) 
Pe or! 


POM EON 


Onno 


a 


31.7 
32.4 
43.2 
47.4 
56.8 
2.0 
6.8 
14.5 
17.5 
28.1 
44.8 
51.8 
55.4 
56.3 
5.3 
5.4 
6.8 
11.6 
11.5 
22.3 
23.9 


Decl. 

1900. 
—17 14 
+18 6 
—18 21 
—19 38 
— 5 38 
—20 2 
+14 40 
+31 44 
—22 33 
—14 59 
—20 50 
+78 58 
—20 52 
—20 49 
+28 28 
+36 35 
+15 26 
+39 52 
—15 56 
—1 1 
+29 32 
—23 50 
—21 28 
+18 38 
+50 46 
+10 12 
—21 16 
—19 53 
—24 38 
+25 20 
—22 42 
—22 39 
+38 3 
— 7 28 
—12 12 
+19 7 
—19 13 
+ 7 3 
—15 55 
—16 57 
+37 32 
+66 58 
—19 17 
+165 7 
+31 22 
—15 58 
427 11 
+1 37 
+23 1 
+ 9 30 
— 6 40 
+11 11 
+19 29 
+54 53 
+31 0 
+65 56 
+66 8 
+ 3 40 
+36 38 
+24 58 
+6 14 


Magn. 


13.0 
11.5d 
10.2d 
<14.0 
9.07 
7.81 
8.87 
11.6d 
8.0 
9.6d 
14.0 
8.8d 
13.7d 
13.0 
6.1 
9.81 
8.0d 
11.2d 
13.2d 
13.5 
10.87 
10.27 
9.5 
11.5d 
8.07 
10.8d 
10.2 7 
10.37 
10.0 7 
8.87 
13.5d 
11.03 
8.1 
9.51 
11.0d 
8.07 
9.51 
11.8d 
12.1d 
<13.5 
10.0 7 
12.2d 
12.5 
11.07 
<14.0 
12.0; 
14.0d 
9.917 
8.3 i 
11.24 
11.4 
12.0 
13.27 
13.8 
10.0d 
12.0d 
<12.0 
9.0d 
7.81 
10.07 
<13.8 


Name, 


h 
RZ Herculis 18 
X Ophiuchi 
RY Lyrae 
RW Lyrae 
RX Lyrae 
ST Sagittarii 
Z Lyrae 
RT Lyrae 
R Aquilae 
V Lyrae 
RW Sagittarii 
RX Sagittarii 
S Lyrae 
RS Lyrae 
RU Lyrae 
U Draconis 
W Aquilae 
R Sagittarii 
T Sagittarii 
RY Sagittarii 
S Sagittarii 
Z Sagittarii 
TZ Cygni 
U Lyrae 
T Sagittae 
TY Cygni 
RT Aquilae 
R Cygni 
RV Aquilae 
RT Cygni 
TU Cygni 
X Aquilae 
x Cygni 
RR Aquilae 
RS Aquilae 
Z Cygni 
SY Aquilae 
R Capricorni 
S Aquilae 
RU Aquilae 
W Capricorni 
Z Aquilae 
R Delphini 
RT Capricorni 
WX Cygni 
U Cygni 
RW Cygni 
RU Capricorni 
ST Cygni 
S Delphini 
T Delphini 
V Aquarii 
W Aquarii 
V Delphini 
T Aquarii 
RZ Cygni 
R Vulpeculae 
X Cephei 21 
Z Capricorni 
T Cephei 
RR Aquarii 


i9 


20 





R.A 
1900 


™m 
32.7 
33.6 
41.2 
42.1 
50.4 


55.9 


9 
10. 
11 
14. 
16. 
25. 
26. 
29.§ 
38. 
40. 


100 to OD 


NS oO 


rh 


ant oOANH 


59.9 


_ 
or) 


© 00 mn 
wDNO 


Decl. 
1900 
° 


Magn, 
68 9.27 
44 7k 
34 <14.0 
32 <14.0 
42 13.51 
54 <14.0 
49 9.27 
22 12.87 
5 10.57 
30 <13.8 
s+ 62s 
59 11.3d 
50 13.5 
15 13.57 
8 13.01 
7 12.1d 
13. 9.8d 
29 7.3d 
9 7.0 
42 7.5 
12 9.07 
Ff 8.8 
O 9.4d 
42 12.2 
28 9.9d 
€ 10.51 
30 11.1d 
58 89d 
42 10.7d 
32 8.5d 
49 12.8 
13 <13.5 
40 7.0d 
11 11.0d 
9 13.5 
46 11.71 
39 9.0 
34 13.5 
19 10.8d 
42 <12.0 
17 13.7d 
27 9.81 
47 7.5 
38 7.8d 
8 11.612 
35 7.6d 
39 8.0 
2 <13.3 
38 = 8.8 
44 8.71 
2 10.9d 
4 8.5 
27 10.67 
58 9.01 
31 7.01 
59 9.07 
26 11.2d 
40 10.57 
35 10.1 
5 6.7d 
19 9.1 
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Approximate Magnitudes of Variable Stars on Aug. 1, 1908—Con. 


Name. R. A. Decl. Magn. Name. R. A. Decl. Magn. 
1900. 1900 1900, 1900. 
h m ° af h m ° , 
X Pegasi 21 16.3 +14 2% 10.0 SLacertae 22 24.6 +39 48 9.9d 
S Cephei 36.5 +78 10  8.0d R Lacertae 38.8 +41 51 9.51 
RU Cygni 37.3 +53 52 7.6 RW Pegasi 59.2 +14 46 9.2— 
RR Pegasi 40.0 +24 33 10.07 RPegasi 23 1.6 +10 O 11.81 
V Pegasi 56.0 + 5 388 10.87 V Cassiop. 7.4 +59 8 11.5a 


RT Pegasi 59.8 +34 38 12.2d R Cassiop. 53.3 450 50 10.17 
Y Pegasi 22 6.8 +13 52 997 
The letter i denotes that the light is increasing, the letter d that the light is 
decreasing, the sign <, that the variable is fainter than the appended magnitude. 
The magnitudes given above have been compiled by Mr. Leon Campbell of the 
Harvard College Observatory, from observations made at the Whiteside, 
Taft and Harvard Observatories. 





GENERAL NOTES. 





It is requested that items of news regarding work in practical astronomy 
and kindred sciences be communicated to this journal frequently that all its 
readers may be benefited thereby. 





Atmosphere Currents at Very High Altitudes is the title of a 
paper contributed by Professor C. C. Trowbridge from the Phenix Physical 
Laboratory of the University of New York. Although prepared nearly a year 
ago it reaches late reprints of the Monthly Weather Review of last year. 


The Orbits and Velocity Curves of Spectroscopic Binaries. 
In March-April number of The Journal of the Royal Astronomical Society of 
Canada, Mr. J. M. Barr has given some interesting facts from a mathematical 
study of this theme derived from a list of thirty spectroscopic binaries. He 
touches on some important points that have already brought forth some crit- 
icism. He argues in a fair scientific spirit. 





Proper Motion of Small Stars. In Monthly Notices for May, 1908, 
S. W. Burnham of Yerkes Observatory, Williams Bay, Wis., writes of “One of 
a very few examples I have been able to find, and perhaps the only one 
worth mentioning, is an isolated small star having a decided proper motion. 
This star 17 Lyrz (= 2461), is a taint star of the 12th magnitude.’ In his 
brief paper Mr. Burnham gives a diagram and a series of measures in his 
study of this star. 





Comets 1825 I and 1886 III. The former of these comets has been 
under study by Hans Boegshold and the latter by Caroline E. Furness and 
Emma P. Waterman, in relation to which a definitive orbit has been found and 
published in the Astronomische Nachrichten. The work on the comet of 1886 
III appears to be thorough and painstaking. 





Variation of Latitude at Cincinnati. Professor J. G. Porter, Di- 
rector of the Observatory at Cincinnati, has recently issued Publication No. 
16 on the Variation of Latitude at Cincinnati for a period of seven years 
(1899-1907). In the conclusion of this paper he says: “The mean latitudes 
for the different years show considerable fluctuation as is seen from the 
following table: 
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Year Mean Latitude Year Mean Latitude 
1900 39 O8 19.25 1903 39 O8 19.38 
1901 19.21 1904 19.36 
1902 19.31 1905 19.21 


This does not signify, of course, that the mean value of the latitude 
actually changes, but merely that the annual digressions are not symmetrical 
with reference to the mean position. 

Taking the average value of the different latitudes of stars, we get a 
slightly more accordant series, but it is evident that entirely to eliminate the 
effect of the variation a still longer form of observation is necessary.” 

From the comparison of 12 groups of stars made up from an observing 
list of 192 stars the general mean of this series is 

39° O08’ 19.”29 = 0.”011 
making the proper reduction to the center of the dome of the Observatory 
the latitude of the Cincinnati Observatory is found to be 


39° O08’ 19”76 + 0.”011. 





General Index for the Astrophysical Journal. It will be of 
great interest to our readers to know that a general index of the Astro 
physical Journal, by authors and by subjects, including volumes I to XXV, 
and dates from January, 1895, to June, 1907, has been completed by Storrs 
B. Barrett, Librarian of the Yerkes Observatory. This index has already been 
published. It makes a neat, handy volume of 133 pages, in size the same as 
the Astrophysical Journal. The compiler has been thoughtful in the arrange- 
ment and the choice of different kinds of type for subjects, names and other 
references. We do not see how the plan could have been better for the space 
used. 

We also notice that the editors acknowledge the generous aid of Professor 
E. C. Pickering to the amount of one hundred dollars trom the International 
Science Fund to aid in the publication of this index. 


Professor Pickering has very kindly offered the same aid to PopuLAR 


AsTRONOMY if we can see our way clear to publish a general index of 10 vol- 
umes of the Sidereal Messenger, 3 vols., of Astronomy and Astro-Physics and 


16 volumes of PopuLaR Astronomy. We have not yet received encourage- 
ment enough to meet the considerable expense that wil] be incurred in this 
matter for us. We still have hope that we may some way be able to make a 
general index of our 29 volumes which is now very much needed for a ready 
reference of about 25 years of astronomical publication. 





Partial Eclipse of the Sun. The partial eclipse of the Sun which oc- 
curred June 28, 1908, is not reported fully, but among the notes received are 
two photographs from which the half-tones of the frontispiece are made. 

The pictures were taken by Mr. David E. Hadden at Alta, Iowa; the first 
was taken with a visual telescope, using enlarging lens and orthochromatic 
plates through a deep yellow ray screen, and the second about the time of 
greatest obscuration with fairly good definition. 





The Variation of Latitude.—In A.N. 4253 Prof. Th. Albrecht of Pots- 
dam, Germany, gives provisional results of the latitude observations at the 
six stations of the International Latitude Commission for the vear 1907.0 to 
1408.0. The following table gives the deviations of the observed latitudes 
from the adopted mean latitudes of the stations for each tenth of the year. 
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g aay Po 
Mizusawa Tschardjui Carloforte Gaithersburg Cincinnati Ukiah 
1907.0 —0’’.08 —0’’.09 +0”.09 +0”.12 +07.15 +0”.13 
1 —-0.11 —0.07 +0.07 +0.06 0.00 +0.04 
an —0.12 —0.04 +0.04 0.00 —0.10 —0.03 
3 —0.11 —0.02 +0.02 —0.07 —0.14 —0.09 
+ —0.07 +0.01 —0.02 —0.12 —0.15 —0.12 
3) —0.01 +0.04 --0.05 —0.13 —0.12 —0.12 
6 +0.05 +0.03 —0.07 —0.09 —0.07 —0.06 
By: 5 +0.11 —0.02 —0.08 —0.02 —0.01L +0.05 
8 +0.13 —0.U08 —0.10 +0.05 +0.06 +0.16 
9 +0.06 —0.14 —0.17 +0.12 +0.13 +0.23 
1908.0 —0.04 —0.19 —0.11 +0.18 +0.16 +0.24 
+030 +010 e00 -0°10 - 20 
T T = v | 

0:20 4-a20 

-0'70 4-070 

oo ~Z 0%00 

+0:10 440"Jo 

40°20 40:20 

l L + 1 1 
40:20 +9"10 o%eo -0°70 -0°20 





Upon the accompanying chart the position of the north pole of the earth, rel- 
ative to its mean position, as determined by Prof. Albrecht from the combin- 
nation of the results from the six stations, is plotted for the eight years 1899.9 
to 1908.0. The smoothness of the curve shows the remarkable accuracy of 
the observations as well as the systematic but complicated character of this 
minute movement of the pole. 





The Density of the Algol Variables.—In A.N. 4250 Mr. F. Risten- 
part obtains estimates of the densities of several of the Algol type variable 
stars, assuming them to be binary stars with relatively dark companions. 
He uses the formula 
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in which 6 represents the average density of the two bodies, a and A the 
semimajor axes of the orbits of the companion star and of the earth respec. 
tively, expressed in units “of the brighter star in relation to the Sun,’ w and 
U the periods of revolution of the companion star and of the earth in days, 
x the semidiameter of the companion, that of the brighter star being taken as 
1. The density of the Sun is also taken as 1. The results and some of the 
data used are given for ten variables in the accompanying table. A remark- 
able feature of these results appears in the small density of these stars as com- 
pared with the Sun. They seem to indicate also that the longer the period 
the less the density of the system. 

In the case o} the stars Z Persei and Z Draconis the elements were com- 
puted on the two hypotheses, that the occulting star is smaller and that it is 


larger than the bright star. The density comes out remarkably close to the 
same on both hypotheses. 


Brightness Duration of Min- 
Name Period Normal Minimum Light change imum 
m m 

VW Cygni 8.4306 10.32 12.26 20.0 6.7 
SY Cygni 6.9059 11.06 12.98 19.0 2.2 
W Delphini 4.8061 9.64 11.90 17. 1.2 
SW Cygni 4.5729 9.42 11.50 11.8 2.2 
UW Cygni 3.4508 10.54 12.70 10.5 1.3 
U Sagittae 3.3806 6.65 8.96 18.1 1.4 
WW Cygni 3.3177 10.00 12.91 11.8 1.0 
Z Persei 3.0564 10.00 12.38 13.1 i3 
RW Tauri 2.7689 7.87 11.54 7.9 1.3 
Z Draconis 1.3574 10.40 12.52 4.7 0.2 
x = Radius a = semiaxis 5 = Density 

Name of fainter Star of orbit (Sun = 1) 
VW Cygni 2.01 9.86 1.020 = 1/50 
SY Cygni 0.91 4.77 0.023 == 1/44 
W Delphini 0.94 4.29 0.025 = 1/40 
SW Cygni 1.46 7.42 0.064 = 1/16 
UW Cygni 1.28 5.89 0.075 = 1/13 
U Sagittae 0.94 4.01 0.041 = 1/24 
WW Cygni 1.19 4.87 0.052 = 1/19 
7 p : f0.94 4.27 0.061) _ ” 
vdadennan \1.27 4.95 0.0574 = 1/14 
RW Tauri 1.39 6.57 0.136 1/7 
—— f1.09 4.77 0.346 | — ‘ 
Z Draconis 10.93 4.40 o.345j— 2/8 





Seen at Toronto. August 3rd., 1908, at 8 p. m. the sky presented an 
appearance which I never observed before. Rising from the western horizon 
and traversing about 14 of the sky were a number of brightly colored bands, 
which I shall attempt to describe. The southerly one was very wide, and 
covered the entire southwest part of the sky. It was adeep blue color, and 
was followed by a band of red, very wide also, which joined it to the north. 
These were followed by five narrow bands of red and blue alternating, after 
which came a wide red band, then a narrow blue and a narrow red band, 
then one of blue, very wide, and lastly a red band, also wide, and extending 
to the northern horizon. These bands were narrow towards the western hor- 
izon, which seemed to be their radiating point, and they widened as _ they 
rose towards the zenith. A small portion of the sky just where the Sun had 
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gone down was quite red, the blue bands having faded into the red at the 
horizon. My observation of them lasted for perhaps ten minutes, and they 
seemed to undergo no noticeable change during that time. A great many 
other persons saw them as well, for the display occurred while returning 
from a holiday excursion. When at half-past eight I had an opportunity again 
of seeing the sky, the display had vanished 

On August 8, 1908, I was observing the planet Saturn with a four inch 
refractor. Titan was visible with all powers from 50 to 200, and another 
satellite,—possibly Rhea,—was visible with power of 200. It lay midway be- 
tween Titan and the planet. The crape ring was distinctly visible, the outer 
rings also were very interesting. They are tilted quite noticeably. The planet 
promises to be a very interesting object this summer,—and its position for 
observation will be excellent. 

I am making a 9% inch reflector, which is now nearly completed. On the 
8th of August, 1908, while testing the instrument | turned the still unsilvered 
glass upon the Moon, and could observe with powers of 100 and 200, details 
distinctly visible on its surface. I used power of 400 also, but the illumina- 
tion was much reduced. Still even with it, detail was distinct. When one 
remembers that only about 2 per cent of the light falling on an unsilvered 
glass surface is reflected, the result seems encouraging. The focal length of 
the mirror is 80 inches, and I have done all the work connected with its con- 
struction and almost all the making of the mounting and tube myselt during 
spare moments taken from a professional life. 

ALBERT R. J. F. Hassarp, B. C. L., 
9 North St., Toronto, Ontario, Canada. 
August 10, 1908. 





Partial Solar Eclipse, June 28, 1908.—Observations at Ladd Ob- 
servatory, Providence, R. I., observers Winslow Upton and John Edwards. 
Sky generally overcast with light clouds of varying density. Definition un- 
usually good, the roughness of the edge of the Moon showing plainly on the 
Sun. 

The first contact was doubtfully observed by W. U. with helioscope at- 
tached to 12-inch equatorial, the aperture reduced to 3 inches, power 100, 
The contact was suspected at 9h. 50m. 16sec. corrected Eastern time; for 
14 sec. clouds completely obscured the image; at 9h. 50m. 35sec. when seen 
again, the notching was well marked. Estimated time is not earlier than 9h, 
50m. 16s., not later than 9h. 50m. 25s. 

The last contact was weil observed by W. U. at 12-inch equatorial as a- 
bove but with power 180, and by J. E. at 4-inch finder, power 40. Both ob- 
servers obtained 12h. 59m. 6s. corrected eastern time. 

The calculated times of contact were 9h. 50m. 32s. and 12h. 59m. 22s. 
from data of American Ephemeris. Correction to calculated times is therefore 
—16s. 

The obscuring of the largest sun-spot upon the Sun was observed between 
10h. 55m. 8s. and 10h. 57m. 16s. The limb of the Moon seemed to be 
bent outward at southern penumbra and hollowed inward at northern penum- 
bra. The latter was more marked after the whole umbra was concealed, but the 
former was then less evident. These apparent distortions are likely to be due 
to the irregularities of the Moon’s limb, especially as the most prominent dis- 
tortion persisted after the whole spot was concealed. 

WINsLow Upton. 








General Notes 














Jan. 25, 9:30. Feb. 20, 9:30. 


Jupiter Observations. The long oval opening in the great southern 
belt of Jupiter is a marked feature on several of the drawings made by the 
writer during the recent opposition. 





ee 


Feb. 29, 8:30. Mch. 3, 9:15. 


It is much more conspicuous and [extended than at the opposition of 
December 1906, and shows a constriction in the oval which in some cases 
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Apr. 1, 8:30. Apr. 6, 9:30. 
gives the outline almost the form of the curve called the lemniscate. This 
form was best shown on the drawings of February 20, March 3, and April 1. 
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An eclipse or occultation of satellite I by satellite Il was witnessed early 
in the evening February 18; of II by III March 5; and a partial eclipse of 
II by III May 1. 

Whitin Observatory, Wellesley College, 
Wellesley, Mass. 


S. F. WHITING. 





Meteorite.—I have the following record of the falling of a meteorite on 
Saturday evening, October 5, 1907, at 10 o’clock, P. M. 

It seems to have been first observed by people in Maryland and southern 
Lancaster County. The first particular notice taken of it was at Lan- 
caster, Pennsylvania. When first seen it appeared to be a red spot which 
gradually became larger until it was about the size of a man’s head. The 
light which it emitted when near was of a greenish-blue colo-. Shortly after 
the meteorite was seen a noise like an explosion was heard. Whether the 
meteorite was responsible for said noise, or whether it originated trom some 
other source, cannot be ascertained. Persons residing in the southeastern 
section of the city said that their houses were shaken, and the same thing 
was reported by the firemen of No. 5 engine house. In the northeastern sec- 
tion of the city it appeared to be only a few feet above the two-story houses, 
and was leaving a trail like that of a sky rocket. Its course seemed to 
from south to north. 

Neffsville, a small village about 4 miles north of Lancaster, has a re- 
port that a man was driving along the turnpike with a 2-horse team, and 
suddenly he was startled by a roaring, hissing noise, like that of a sky rocket, 
only on a much larger scale. The horses, as well as the man, were scared by 
the noise and light caused by the meteorite. He stated that he distinctly 
heard a dull thud upon the turnpike a few feet ahead of the team as though 
a piece of some heavy object had fallen to the earth. 

Lititz and Warwick, about 8 miles north of Lancaster, also report that 
the inhabitants were startled by the terrifying noise and dazzling light 
caused by this meteorite. At Warwick, people rushed out of their houses, 
thinking that the end of the world was at hand, and some even stated that 
their houses were shaken. By the time it reached the above place it appeared 
to be composed of three parts which rushed through the sky quite close to- 
gether. When last seen it appeared to have fallen on the Elizabeth hills. 

It was also reported that it fell to the earth in Center or Clearfield coun- 
ties, Pennsylvania, but it is doubtful whether this is correct. It may have 
been scen in northern Pennsylvania and Ohio, and southern New York as 
stated in your issue of November 1907, and that its falling to the earth in 
the above counties may be merely a delusion. 

I remember very distinctly the noise caused by the meteorite’s flight or 
explosion. It was like the roar of a terrific explosion. I have spoken with a 
number of persons who’saw and heard the meteorite, and all seem to give 
different descriptions of the heavenly body, but all who saw it say that the sight 
was awe-inspiring, and one long to be remembered. The night was perfectly 
clear and moonless, and this, no doubt, accounts for its dazzling light and 
splendor. 


be 


I have made it a rule to make observations and keep records of the inter- 
esting phenomena that take place in the heavens, but I have no record of the 
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meteorite which is supposed to have passed through this section on Wednes- 


day night, October 2, 1907, and I think that probably the dates may be 
contused. 





A Venus Observation.—On May 24, 1908, | observed Venus with my 
four-inch refractor, using powers 100 and 200. I began observations as soon 
as I could pick up Venus in the western sky. About one-third of the disk of 
the planet seemed to be illuminated. By consulting an ephemeris, I observed 
that the actual portion of the disk which was illuminated then was .318.' At 
all times the irradiation was such as to render detail in observation quite im- 
possible. There, however, did seem to be distinctly perceptible variation in 
the brightness of the planet, a gradual shading from the portion nearest 
the Sun towards the terminator being noticeable. At three points about 
equally separated from each other, lying along the terminator, for about one- 
half of its central extent, the shading seemed to be more concentrated. The 
terminator had a rough or irregular edge, which was very different from the 
smoothness of the circular edge next to the Sun. It is true that the dazzling 
was very great, and great uncertainty at all times prevailed regarding the 
edges, but there was no mistaking the characteristics I have mentioned. For, 
on leaving the instrument for a few moments, and returning, without having 
immediately in memory the variations in shading, they at once forced them- 
selves on the observation. The central portion of the terminator was of a 
grayish color. At the extremities of the terminator a change in its direction 
towards the planet’s poles was visible. On the evening of June 5, the appear- 
ance of the planet in the telescope made an interesting object of comparison 
with the Moon, then about four days old, and to which it bore considerable 
resemblance, the two objects being not far apart in the sky. 

I find the companion of Polaris a much easier object with the telescope 
during moonlit nights than when the sky is dark. 


ALBERT R., J. F. Hassarp, B. C. L. 
Toronto, Canada. 





Ephemeris of Halleys’ Comet. 


In the Monthly Notices of R. A. S. for March 1908, Messrs. Cowell 
and Crommelin have given provisional elements of a new orbit of Halley’s com- 
et for its return to perihelion in 1910. In the calculation of these elements, 
nearly all the perturbations have been included except those of the plane of 
the orbit and which affect the node and inclination. In the case of these last 
two elements, the corresponding elements of Pontecvulant’s final orbit have 
been provisionally adopted pending the calculation of the perturbations of 
these elements. Any subsequent change, however will be so small that an 
ephemeris for finding purposes has been calcuated by them with the co-oper- 
ation of Dr. Smart, beginning Oct. 1, 1908 and extending to July 13, 
1910. As it is possible, however, that the comet might be found before the first 
of October of the present year, I have computed an ephemeris from the same 
elements for intervals of ten days, extending through August and September. 
As will be seen in the table below, the comet will be over two hours from 
the Sun on the first of August. This angular distance steadily increases so 
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that by the last of the month the comet will be about four hours from the 
Sun and by the last of September, about six hours. 




















____Halley’s Comet Sun 
| | Millions of 
Date. R. A. Dec. | miles from R. A. Dec. 
oe re | erie ee te i _|Sun_ Earth 
1908 Aug. 2| 6" 34™ 21" |4+ 13’ 277.9] 654 | 731| 8» 4y9™ |4- 17° 49’ 
12,6 37 53 (+13 20.5) 647 | 715 9 27 + 15 2 
22.641 O +13 11.4 639 696); 10 + +11 50 
Sept. 1.643 37 |4 13 0.9' 632 676) 10 41 i+ 8 20 
11\6 45 33 |+12 49.2) 625 | 654 > 17 + 4 37 
21'6 46 41 |4+12 &36.7| 617 | 632) 11 53 + 0 46 
Oct. 1,6 46 54 |4+12 23.9' 610 | 608; 12 29 — 3 8 


O. C. WENDELL. 
Harvard College Observatory, 
Cambridge, Mass. 





An Astronomical Expedition to Argentina. 


The Department of Meridian Astrometry of the Carnegie Institution, in 
charge of Professor Lewis Boss of the Dudley Observatory at Albany, N. Y., 
where the work of the department is carried on, is dispatching an expedition 
to the Argentine Republic to establish a branch observatory there. This 
observatory will be established at San Luis about 500 miles west from 
Buenos Aires. This town of about 10,000 inhabitants is located near the 
eastern edge of the Andean plateau at an elevation of about 2,500 feet. It is 
reported to have a fine climate with remarkably clear skies. 

The new observing station consists of the necessary observing structures, 
and temporary barracks for office rooms and quarters for the staff. The 
principal instrument will be the Olcott Meridian Circle of the Dudley Observ- 
atory. This instrument will be set up in its new location for the purpose of 
making reciprocal observatious upon stars already observed at Albany, to- 
gether with observations upon all stars from south declination to the south 
pole that are brighter than the seventh magnitude, or which are included in 
Lacaille’s extensive survey of the southern stars made at the Cape of Good 
Hope in 1750. It is thought that this new scheme of making reciprocal 
observations on the same stars, with the same instrument, alternately used 
in the two hemispheres will present peculiar advantages in point of accuracy 
in the systematic sense. To reach this accuracy has long been the problem of 
fundamental work in astronomy. It is estimated that the work of observa- 
tion in Argentina will last three or four years. 

The object of these observations is to gather material for facilitating the 
construction of a general catalogue of about 25,000 stars, in which will be 
contained accurately computed positions and motions of all the stars included 
in it. 

The department has already completed for publication a general catalogue 
of 6,188 stars, including all the most accurately observed stars and all from 
the North to the South pole of the heavens that are visible to the naked eye. 
This work has already resulted in interesting conclusions in reference to star- 
streams, the solar motion in space, and other stellar problems. 

The preliminary expedition to establish the new observing station sailed 
from Brooklyn for Buenos Aires, August 20, on the steamship Velasquez. Ac- 
companying Professor Boss, is Professor Richard H. Tucker, of the Lick Ob- 
servatory, well known for his work in observation with the Meridian Circle 
of the Lick Observatory. He will superintend the construction of piers and 
buildings for the new observatory, and he will be placed in charge of the ob- 
servations after the station shall be ready for operation. Mr. Varnum, for 
many years an assistant at the Dudley Observatory, is also a member of the 
party. Later on the remainder of the staff, which in all will consist of eight 
persons will be sent to the new observatory when it shall be ready for work. 

This undertaking has met with cordial recognition from Mr. Epifanio Pro- 
tela, Argentine minister to the United States, and from other representatives 
of the Argentine Government, which in the most liberal and enlightened spirit 
has extended every assistance and courtesy. (Science, Aug. 21, 1908) 

















